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HE Committee appointed by the Royal Society to dire the 105 
T lication of the Philoſophical Tranſafions, take this opportunity to 
acquaint the Public, that it fully appears, as well from the council-books 
and journals. of the Society, as from repeated, declarations which have 
been made 1n ſeveral former Tranſaftions, that the printing of them was 
always, from time. to time, the ſingle act of the reſpective Secretaries, till 


the F orty-· ſeventh Volume: the Society, as a Body, never intereſting them- 


ſelves any furth er in their publication, than by occaſionally recommending. 
the revival of chem to ſome of their Secretaries, when, from the particular, 
circumſtances of their affairs, the Tranſactions had happened for any 
length of time to be intermitted. And this ſeems principally to have 
been done with a view to ſatisfy the Public, that their uſual meetings 
were then continued for the improvement of knowledge, and benefit of 
mankind, the great ends of their firſt inſtitution by the Royal Charters, 
and which they have ever ſince ſteadily purſued. 

But the Society being of late years greatly inlarged, and their com- 


of their members ſhould be appointed to reconſider the papers read be- 
fore them, and ſelect out of them ſuch, as they ſhould judge moſt pro- 
per for publication in the future Tranſactions; which was accordingly 
done upon the 26th of March i752. And the grounds of their choice 
are, and will continue to be, the importance and ſingularity of the ſub- 
jects, or the advantageous manner of treating them; without pretending 
to anſwer for the certainty of the fa&s, or propriety of the reaſonings, 
contained in the ſeveral papers ſo publiſhed, which muſt {till reſt on the 
ercdit or judgment f their reſpective authors. 
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It is likewife neceſſary on this occaſion to remark, that it is an eſta - 
dliſhed rule of the Society, to which they will always adhere, never to 
give their opinion, as a Body, upon any ſubject, either of Nature or Art, 
that comes before them. And therefore the thanks, which are fre- 
quently propoſed from the chair, to be given to the authors of ſuch pa- 
pers as are read at their accuſtomed meetings, or to the perſons through: 
whoſe hands they receive them, are to be conſidered in no other light 
than as a matter of civility, in return for the reſpect ſhewn to the Society 
dy thoſe communications. The like alſo is to be faid with regard to 
che ſeveral projects, inventions, and curioſities of various kinds, which 
are often exhibited to the Society; the authors whereof, or thoſe wh 
exhibit them, frequently take the liberty to report, and even to certify 
in the public news- papers, that they have met with the higheſt applauſe 
and approbation. And therefore it is hoped, that no regard will here - 
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after be paid to ſuch reports, and public notices; which in ſome inſtances. 
have been too lightly credited, to the diſhonour of the Society. 
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I. An Account of an artificial Spring of Water. By Eraſmus 
Darwin, M. D. F. R. 5. 


Read November 4, 1784. 


To the Preſident and Fellows of the Royal Society. 
GENTLEME N, Derby, July 16, 1784. 


ONFIDENT that every atom which may contribute to 
increaſe the treaſury of uſeful knowledge, which you are 
ſo ſucceſsfully endeavouring 'to accumulate, will be agreeable 
and intereſting to the Society, I ſend you an account of an 
artificial ſpring of water; which I produced laſt ſummer near 


the ſide of the river Darwent in Derby. 
Vol. LXXV, - Near 
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Near my koufs was an old well, about one hondred yards 
from the river, and about four yards deep, which had been 
many years diſuſed on account of the badneſs of the water, 
which I found to contain much vitriolic acid, with, at the 
ſame time, a light ſulphureous ſmell and taſte; but did not 

carefully analyſe it. The mouth of this well was about four 

feet above the ſurface of the river; and the ground, through 
which it was ſunk, conſiſted of a black, looſe, moiſt earth, 
which appeared to have been very lately a moraſs, and is now 
covered with houſes built upon piles. At the bottom was 
found a bed of red marl, and the ſpring, which was ſo ſtrong 
as to give up many hogſheads in a day, oozed from between 
the moraſs and the marl: it lay about eight feet beneath the 
ſurface of the river, and the water roſe within two feet of the 
top of the well. 

Having obſerved that a very copious ſpring, called Saint 
Alkmund's well, roſe out of the ground about half a mile 
higher on the ſame fide of the Darwent, the level of which I 
knew by the height of the intervening wier to be about four or 
five feet above the ground about my well ; and having obſerved, 
that the higher lands, at the diſtance of a mile or two behind 
theſe wells, conſiſted of red marl like that in the well; I 
concluded, that, if I ſhould bere through this ſtratum of mar], 
I might probably gain a water ſimilar to that of St. Alkmund's 
well, and hoped that at the ſame time it might riſe above the 
furface of my old well to the level of St. Alkmund's. 

With this intent a pump was firſt put down for the 
purpoſe of more eafily keeping dry the bottom of the old well, 
and a hole about two and an half inches diameter was then 
bored about thirteen yards below the bottom of the well, 
till ſome ſand was brought by the auger. A wooden pipe, 

4 which 


an artificial Spring of Water. 3 
which was previouſly cut in a conical form at one end, and 
armed with an iron ring at the other, was driven into the top of 
this hole, and ſtood 'up about two yards from the bottom of 
the well, and being ſurrounded with well-rammed clay, the 
new water aſcended in a ſmall ſtream through the wocden 
Pape. 

Our next operation was to build a wall of clay againſt the 
morally ſides of the well, with a wall of well-bricks inter- 
nally, up to the top of it. This completely ſtopped out every 
drop of the old water; and, on taking out the plug which 
had been put in the wooden pipey the new water in two or 
three days roſe up to the top, and flowed over the edges of the 
well. 

Afterwards, to gratify my curioſity in ſeeing how high the 
new ſpring would rife, and for the agreeable purpoſe of pro- 
curing the water at all times quite cold and freſh, I directed 
a pipe of lead, about eight yards long, and three-quarters of 
an inch diameter, to be introduced through the wooden pipe 
deſcribed above, into the ſtratum of marl at the bottom of the 
well, ſo as to ſtand about three feet above the ſurface of the 
ground. Near the bottom of this leaden pipe was ſewed, be- 
tween two leaden rings or flanches, an inverted cone of ſtiff 
| leather, into which ſome woot was ſtuffed to ſtretch it out, fo 
that, after having paſſed through the wooden pipe, it might 
completely fill up the perforation of the clay. Another leaden 
ring or flanch was ſoldered round the leaden pipe, about two 
yards below the ſurface of the ground, which, with ſome dou- 
bles of flannel placed under it, was nailed on the top of the 
wooden pipe, by which means the water was perfectly pre- 
cluded from riſing between the wooden and the leaden pipes. 
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Dr. Daxwix's Account of 
This being accompliſhed, the bottom of the well remained 
quite dry, and the new water quickly roſe about a foot above 


4 


the top of the well in the leaden pipe; and, on bending the 


mouth of this pipe to the level of the ſurface of the ground, 
about two hogtheads of water flowed from it in twenty-four 
hours, which had fimilar properties with the water of St. Alk- 
mund's well, as on compariſon both theſe waters curdled a 


tolution of ſoap in ſpirit of wine, and abounded with calca- 


reous earth, which was copiouſly precipitated by a ſolution of 
fixed alkali; but the new water was found to poſſeſs a greater 
abundance of it, together with numerous ſmall bubbles of 
aerial acid or calcareous gas. 

The new water has now flowed about twelve months, and, as 
far as I can judge; 1s already increaſed to almoſt double the quan- 
tity in a given time; and from the rude experiments I made, I 
think at is now leſs replete with calcareous earth, approaching 
gradually to an exact correſpondence with St. Alkmund's well, 
as it probably has its origin between the ſame ſtrata of earth. 


— 


As many mountains bear inconteſtible marks of their having 
been forcibly raiſed up by ſome power beneath them; and 
other mountains, and even lands, have been lifted up by ſub- 
terraneous fires in our own times, we may ſafely reaſon on the 
tame ſuppoſition in reſpect to all other great elevations of 
ground. Proofs of theſe circumſtances are to be ſeen on both 
tides of this part of the country; whoever will inſpect, with 
the eye of a philoſopher, the hme-mountain at Breedon, on 
the edge of Leiceſterſhire, will not heſitate a moment in pro- 
nouncing, that it has been forcibly elevated by ſome power 


beneath it; for it is of a conical form, with the apex cut off, 
aud 


db — — 


hk Jo byy 


0 


an artificial Spring Vater. 3 
and the ſtrata, which compoſe the central parts of it, and 
which are found nearly horizontal in the plain, are raiſed 
almoſt perpendicularly, and placed upon their edges, while 
thoſe on each fide decline like the ſurface of the hill; ſo that 
this mountain may well be repreſented by a bur made by forc- 
ing a bodkin through ſeveral parallel ſheets of paper. i At Rou- 
ter, or Eagle-ſtone, in the Peak, ſeveral large maſſes of grit- 
ſtone are ſeen on the ſides and bottom of the mountain, which 
by their form evince from what parts of the ſummit they were 
broken off at the time it was elevated; and the numerous looſe 
ſtones ſcattered about the plains in its vicinity, and half buried 
in the earth, muſt have been thrown out by exploſions, and 
prove the volcanic origin of the mountain. Add to this the 
vaſt beds of toad-ſtone or lava in many parts of this county, 
ſo accurately deſcribed, and ſo well explained, by Mr. WHITE. 
HURST, in his Theory of the Formation of the Earth. 
Now as all great elevations of ground have been thus raiſed. 
by ſubterraneous fires, and in a long courſe of time their ſum- 
mits have been worn away, it happens, that fome of the more 
intcrior ſtrata of the earth are expoſed. naked on the tops of 
mountains; and that, in general, thoſe ſtrata, which he up- 
permoſt, or neareſt to the ſummit of the mountain, are the 
loweſt in the contiguous plains. This will be readily con- 
ceived if the bur, made by thruſting a bodkin. through ſeveral 
parallel ſheets of paper, had a part of its apex. cut off by a pen- 
knife, and is ſo well explained. by Mr. MicgELL, in an inge- 
nious paper on the Phenomena of Earthquakes, publithed a few 
years ago in the Philoſophical Tranſactions. 
And as the more elevated parts of a country are fo much 
colder than the vallies, owing, perhaps, to a concurrence or 
de 
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two or three cauſes, but particularly to the leſs condenſed ſtate 
of the air upon hills, which thence becomes a better conductor 
of heat, as well as of electricity, and permits it to eſcape the 
faſter ; it is from the water condenſed on theſe cold ſurfaces of 
mountains, that our common cold ſprings have their origin; 


and which, fliding between two of the ſtrata above deſcribed, 


deſcend til: they find or make themſelves an outlet, and will in 
conſequence rife to a level with the part of the mountain where 
they originated. And hence, if by piercing the earth you gain 
a ſpring between the ſecond and third, or third and fourth 
Atratum, it muſt generally happen, that the water from the 
loweſt ſtratum will rife the higheſt, if confined in pipes, be- 
cauſe it comes originally from a higher part of the country in 
its vicinity. = 

The increaſing quantity of this new ſpring, and its increaſing 
purity, I ſuppoſe to be owing to its continually diſſolving a 
part of the earth it paſſes through, and hence making itſelf a 
wider channel, and that through materials of leſs ſolubility. 
Hence it is probable, that the older and ſtronger ſprings are 
generally the purer; and that all ſprings were originally loaded 


with the ſoluble impurities of the ſtrata, through which they 
tranſuded. 


Since the above- related experiment was made, I have read 


with pleaſure the ingenious account of the King's wells at 
Sheerneſs, in the laſt volume of the Tranſactions, by Sir 
Thomas Hyde Page, in which the water roſe three hundred 
feet above its ſource in the well; and have alſo been informed, 
that in the town of Richmond, in Surrey, and at Inſhip near 
Preſton in Lancaſhire, it is uſual to bore for water through 
a lower ſtratum of earth to a certain depth; and that when it 


18 


AS „ © . . 


— . 


an artificial Spring of Water.. + 
is found at both thoſe places, it riſes ſo high as to overflow the 
furface of the well: all theſe facts contribute to eſtabliſh the 
theory above-mentioned. And there is reaſon to conclude, 
that if fimilar experiments were made, artificial ſprings, 
riſing above ground, might in many places be thus produced 
at ſmall expence, both for the common purpoſes of life, 
and for the great improvement of lands by occaſionally water- 
ing them, | 
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JI. An Account of an Engliſh Bird of the Genus Motacilla, 
Suppoſed to be hitherto unnoticed by Britiſh Ornithologiſts ; 
obſerved by the Rev. John Lightfoot, M. A. F. R. S. In 4 
Letter to Sir Joſeph Banks, Bart. P. R. S. 


Read November 18, 1784. 


Uxbridge, Nov. 20, 1783. 


Ar every diſcovery in natural hiſtory is eſteemed worthy the 
notice of that Society which was inſtituted on purpoſe to 
improve natural knowledge, I have taken the hberty to ſend 
you a deſcription and drawing of a bird which haunts the 
reeds of the river Coln, in the neighbourhood of Uxbridge, 
and which ſeerns to have hitherto eſcaped the notice of writers 
on Britiſh Ornithology; and therefore ſome account and de- 
{ſcription of it will not, I truſt, be unacceptable to the "_ 


over which you fo laudably preſide. 
The neſt and eggs of the bird I. am about to deſcribe ft 


attracted my attention, and led to the diſcovery of the bird 


itſelf, They were repeatedly brought by a fiſherman on the 
Uxbridge river, in the pariſh of Denham, to her grace the 
Ducheſs Dowager of Portland, who firſt communicated them 
to me. They were ſuppoſed by the fiſherman to belong to the 
Sedge-bird of PENNANT, or Motac:lla Salicaria of LinxNnzus ; but 
being well acquainted with the neſt and eggs of this, I was very 
ſure he was miſtaken, though he actually produced this bird as 
the true proprietor of the ſubjects in queſtion. The ſtructure 
and poſition of the neſt having a ſingular appearance, and both 


that 
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that and the eggs belonging to a bird unknown to me, I became 
deſirous of finding out the ſecret architect, and to that end made 
uſe of ſuch means as I thought moſt likely to promote the 
diſcovery. _ 

In a ſhort time my expeQations were gratified ; for on the 
26th day of July, 1783, intelligence was brought me, that 
ſuch a neſt as I wanted was found. I had given pre- 
vious direction, that it ſhould not be diſturbed before I had 
ſeen it. Upon examination, I inſtantly perceived it to be of 
the fame kind and ftrufture with that under enquiry, contain- 
ing two eggs, and two young ones juſt excluded from the ſhell. 
One of the old birds was fitting at this time upon the neſt, 
which a perſon in company attempting to ſeize, it flew at him 
with ſo much reſentment and acrimony, as to draw blood from 
the hand that dared to moleſt its inſtinctive operations. Both 
the parent birds continued hovertng about their neſt with much 
watchful care and anxiety, while I made ſeveral attempts to 
take them alive; but, finding all endeavours in vain, left I 
ſhould loſe the opportunity of examining them with accuracy, 
I at length, with reluctance, cauſed them to be ſhot. From 
theſe ſpecimens the following deſcriptions were made, which, 
with an accurate drawing of one of them, together with its 
neſt and egg, are humbly ſubmitted to your notice. 

From the generic characters delivered by Linn zvus, our bird 
muſt evidently be reduced to the family of his Motacilla, for it 
has a weak, ſlender, ſubulate bill, almoſt ſtraight ; the man- 
dibles nearly equal; the noſtrils oval and naked, or not covered 
with briſtles ; the tongue lacerated ft the extremity ; the legs 
ſlender; the toes divided to the origin, except that the exterior 
one is joined, at the under part of the laſt joint, to the middle 


toe ; the claws of nearly equal length. 
Vol. LXXV. c The 
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The male and female have tlie ſame coloured plumage, ſo 
that one deſeription will ſerve for both. They differ a little in 
ſize, but their external appearance is the ſame. They are both 
larger than the Pertychaps deſcribed by W1iLLOUGHBY 3 ſmaller 
than the White-throat, and nearly of the fame fize with the 
I illow-wwren ; but to be more particular. - we 

The cock-bird weighed, when juſt killed, exactly ſeven 
penny weights and nine grains; the hen fix pennyweights and 
nine grains, or one pennyweight leſs. 

The males meaſored, from tip to tip of the extended wings, 
ſeven inches and a half; the female fix and three-quarters. 

From the end of the bill to the extremity of the tail, the 
cock meafured five inches .and a half; the hen wad five 
inches. 

The bill in both . half an inch, which is longer 
in proportion than in moſt of this genus. The upper mandi- 
ble is of a dark horn colour, ſhghtly incurved near the extre- 
mity, with a minute indenture on either fide near the point; 
the /o2wer is pale red or fleſh-coloured, with a ſhade of yellow; 
the inſide of the mouth deep orange-coloured ; the tip of the 
tongue cloven and ciliated; the noſtrils oval, and deſtitute of a 
briſtly covering; but at the bafe of the upper mandible, on 
either ſide, near the angle of the mouth, arife three ſhort vi- 
briſe pointing downwards, black at their fummits, white at 
their baſes; a circumſtance common to many others of this 
genus. The iris of the eye is olive-brown ; the pupil black. 
The ſhort feathers of the orbits or eye-laſhes are of a dirty 
white colour. From the corner of each eye to the noſtril is a 
broad ſtroke or band of tawny-white feathers, lying over each 
other, and running narroweſt towards the bill ; this atfords an 
exccllent mark to Sifinguith the ſpecies. 
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The feathers of the head, neck, back, coy erts of the wings and 
rump, are of an olive- brown, with a flight tinge of green. The 
quill aud tail feathers are all of a deter hue, or {: imply brown; 
their outward edges of a paler ſhade. The tail is two inches, 
long, flightly cuneated, the muddle feathers being alittle lon ger, 
than the reſt, the others: gradually. ſhorter; all of one uniform, 
dun-brown colour _ with paler brown, and a little wedge-, 
ſhaped at their ends. NES IN 3 

The chin is white; the n breaſt, belly, and parks about 
the vent, are white with a flight ſhade of buff or tawny ; 
but all theſe feathers (as in ſeveral others of this genus) when, 
blown aſunder, or cloſely examined, are found to have their 
baſe or lower half black, re the ſhafts, which are 
white throughout, 

The ridge and under coverts af the exterior angle of the 
wing are of a yellowiſh-tawny colour, as are alſo the feathers 
of the thighs; but thoſe of the knees are a ſhade darker, or a 
pale yellowiſh brown. 

The legs are a light olive; the ſoles of the feet bright FPS 
low, with a tinge of green, which ſoon fades after the bird 1s 
dead. The inſtep is covered with ſeven large imbricated ſcales, 
and five ſmaller on the toes, as in others of the genus. The 
| toes ſtand three before, and one behind ; the claws are nearly 

of equal length and curvature; but the hindmolt is thickeſt 
and ſtrongeſt. 
From the foregoing remarks it is evident, that the bird men- 
tioned is a ſpecies of Motacilla, which, as I can find no ſuch 
deſcribed by any ſyſtematic writer, I ſhall venture to name, 

after the LINNæ AN manner, 
Motacilla (arundinacea) ſupra olivaceo-fuſca, ſubtus albida, 
lors ęt orbitis fuſco-albeſcentibus, angulo carpi ſubtus 
8 lutco- 
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Juteo-fulvo, cauda ſubcuneata "Ty plantis * 
vireſcentibus. 4 205 

In regard to ſynonyms, the dy otic F can find whe carr 
be ſuſpected of having noticed this bird is SEPP, who, in a late 
ſplendid work, in the Dutch language, intituled; Nederlandſche 
Vogelen / fol. chart. max.) p. ot. has deſcribed and figured a bird, 
under the name of Turdus arundinaceus minimus, called in Hol- 
land Karrakietje, which in many reſpects agrees with our bird; 
but as the colour of the wings in that figure is made a reddiſh: 
brown, inſtead of an olive- brown, and the ta wny-white Lora 
(a moſt eſſential character to diſtinguiſh the ſpecies) are not at 
all expreſſed; and the eggs are made to be of a pale-bluſh colour 
with dark ſpots, inſtead of a dirty-white with olive ſpets; L 
cannot pronounce for certain, that the bird there intended by 
that writer is the ſame which we have now deſeribed; though, 
if ſome allowance be made for ill- colouring and other omiſ- 
fions, it may poffibly have been deſigned for the fame ſpecies. 

As we have already a bird, called in - Engliſh: the #{/ow- 
wren; ours, being nearly of the ſame ſize and ſhape, as well as 
the ſame genus, may, from its haunts, not N e be 
denominated the Reed wren. 

It frequents the banks of the river Cola r near Unbridae, 8 as 
far as from Harefield-Moor down to Iver, about the ſpace of 
five miles, and very probably moſt other parts of the ſame 
river, though not as yet obſerved. 

It is alſo certainly found i in the 1 of Dartford 
in Kent, from whence a neſt and eggs were communicated: by 
the ingemous Mr. LaTHAam of that place, but without know- 
ledge of the bird to which they belonged ; ſo- that there is 


httle doubt but that it may be found in many parts of the 
kingdom, 


Its 


a new Rath Bird 13 
Its food is inſects, at leaſt in part, for I FI) it- catching 
ics. It hops continually from ſpray to ſpray, or from one 
reed. to another, putting itſelf into a ſtooping poſture before it 
moves. 1 heard it make no other than a lingle note, not un- 
like the ſound of the word peep, uttered; in a low plaintive 
tone; but this might probably be only a note of diſtreſs, and 
it may have, perhaps, more pleaſing and melodious ones at 


- ether times, with which I am unacquainted. 


The neſt of this bird is a moſt curious ſtructure, unlike that 
of any other I. am acquainted with, enough to point out the 
difference of the ſpecies, if every other character was wanting. 

It may not be amiſs here to obſerve, that there is ſuch a. 
manifeſt diverſity. in the materials, locality, and formation of. 
neſts, and ſuch variety of colours in the eggs of many birds 
(in other reſpects hard to be, diſtinguiſhed), that it is pity this 
part of Ornithology has not been more attended to. Lam well 
convinced, that as many ſpecies of inſects, nearly allied to each 
other in colours and ſhape, and reputed. to be only varieties, are 
frequently, from a due attention to their Jlaruæ (which are often 
extremely different), diſcovered: to: be ſpecies totally diſtinct; ſo, 
amongſt birds of ſimilar genus and feather, their true differences 
may be often found by carefully obſerving their neſts and eggs, 
when other characters are ſo minute, in the birds themſelves, 
as to be diſtinguiſhed with difficulty. By experience I have 
found this to be remarkably verified in ſome of the Lark kind. 
But to return to the neſt I was going to deſcribe. It is com- 
poſed externally of dry ſtalks of graſs, lined, for the moſt 
part, with the flowery tufts of the common reed, or Arundo: 
vallatoria, but ſometimes with ſmall dead graſſes, andi a few: 
black horſe-haizs; to cover them. This neſt is uſually found 

| enden 


et 


2 Mr. Lichrrécr's Account of 
— 503 ed or Ae ' on, like a hammock, between three or 
5 r flalks of a below the Panicles c of flowers, ich ſuch a 


manner that the alk run 'thiongh the fides of the neſts at 


neatly equal diftances ; ; or, to ſpeak more properly, the neſt” 
18 fied c on to the reedb with head graſs, and ſometimes (as being 
more Eli igible when 1 it can be had) even with thread and pack- 
thread, emulating the work of a ſempſtreſs, as was the caſe of 
the neſt exhibited in the drawing. The bird, however, though 
generally, does not always confine her building to the ſupport 
of reeds; ſometimes ſhe fixes it on to the branches of the 
. ater-dock ; ; and, in one inſtance only (that here delineated), 
it was found faſtened to the trifurcated branch of a Syrmga 
buſh, or Philadelphns, growing in a © garden hedge oy the river 
ſide. OD | 
She lays commofily four eggs; the ground colour a ürty 
white, ſtained all over with dull olive- coloured ſpots, but 
chiefly at the greater end, where are generally ſeen two or 
three ſmall irregular black ſcratches; but theſe are ſometimes 
ſcarcely viſible. . 
1 ouſt not vmit, that both the neſt ad eggs which I have 
now deſcribed, whether deſigned for the. ſame or not, are well 


expreſſed by See, in the work above cited, under the article 


Turdus Calamoxenus, or Rietvinck, p- 97.3 but as the bird there 


repreſented 1 is evidently the Motacilla Sybvia, LIN. or common 
 White-throat (which is known to make a very different neſt), 1 
am inclined to believe, that the author, by miſtake, placed a 
bird and neſt in the ſame plate which do not t belong to each 


other. 
'T have reaſon to think, that the bird J have been charac- 


terizing is a bird of migration; for the inhabitants on the ſides 
555 2 of 
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a new Engliſh Bird. 15 
of the Coln do not recollect ever to have ſeen it in the winter 
months; and its food being inſects, it is probable, it muſt be 


obliged to ſhift its quarters for a warmer climate at the ap- 


proach of a ſevere ſeaſon; but this at preſent is only matter of 
conjecture, and not certainty. 


\ 


I am, &c, 


JOHN LIGHTFOOT. | 
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UI. An Account of Morne Garou, 4 Mountain in the Mand of 
St. Vincent, with a Deſcription of the Volcano on its Summit. 
In a Letter from Mr. James Anderſon, Surgeon, to Mr. 
Forſyth, His Majeſty's Gardener at Kenſington 3 communi- 
cated by the Right Honourable Sir George Yonge, Bart. 
£ F. R. &. 


1 Read November 18, 1784. 


| | HE many ridges of mountains which interſect this ifland 
1 in all directions, and riſe in gradations, one above the 
other, to a very great height, with the rivers tumbling from 
all their ſides over very high precipices, render it exceeding difficult 
to explore its interior parts. 

The moſt remarkable of theſe mountains 1s one that termi- 
# nates the N. W. end of the ifland, and the higheſt in it, and 
NM has always been mentioned to have had volcanic eruptions from 
Fi it. The traditions of the oldeſt inhabitants in the iſland, and 
the ravins at its bottom, ſeem to me to vindicate the aſſertion 
As I was determined, during my ſtay in the ifland, to ſee as 

ö much of it as I could; and as I knew, from the altitude of 
| this mountain, there was a probability of meeting with plants 
on it I could find in no other part of the iſland ; I ſhould 

| have attempted going up if I had heard nothing of a volcano 

I | being on it, But viewing the mountain at a diſtance, the 
ſtructure of it was different from any in the iſland, or any I had 

[ {een in the Welt Indies. I could perceive it divided into many 
i] 3 different 
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Mr. AnDERSON's Account of a Volcanic Mountain, &c. 1 7 
different ridges, ſeparated by very deep chaſms, and its ſum- 
mit appeared quite deſtitute of any vegetable production. On 
examining ſeveral ravins, that run from the bottom a great way 
up the mountain, I perceived they were quite deſtitute of water, 
and found pieces of pumice-ſtone, charcoal, ſeveral earths and 
minerals, that plainly indicated there muſt be ſome very fingu- 
lar place or other on ſome part of the mountain. I alto recol- 
lected a ſtory told by ſome very old men in the iſland, that 
they had heard the captain of a ſhip ſay, that between this 
iſland and St. Lucia he ſaw, towards night, flames and ſmoke 
iſſuing from the top of this mountain, and next morning his 
decks were covered with aſhes and ſmall ſtones. This, you 
may readily imagine, was excitement enough to examine it, if ! 
poſſibly cbuld ; but I was much diſcouraged upon being told, 
it was 1mpoſhble to gain the ſummit of it; nor could I get 
either white men, Carribbee, or Negro, that would undertake 
to conduct me up for any reward I could offer; nor could I get 
any information relative to it. But as difficulty to attain in- 
hances the value of tlie object, ſo the more I was told of the 
impoſſi ibility of going op, the more was I determined to 
attempt it, | 

After I had examined the baſis of it, as far as I could for the 
tea and other mountains, to find the moſt probable place to 
commence my journey, I obſerved an opening of feveral large 
and dry ravins, that ſeemingly ran a great way up; but I was 
not ſure if they were not interſected by ſome rocks or preci- 
pices I could not get over. I came to Mr. MaLoune's, about 
a mile diſtant from the mountain, but the nigheſt houfe to it 
I could ſtay at all night. Here I met with a friendly recep-- 
tion and great hoſpitality. After communicating my inten- 
Uons to him, he told me, he would give me every aſſiſtance 
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he could, by ſending ſome truſty negroes with me, and wiſhed 
he was able to go with me himſelf. This was a kind offer to 
me, in my then ſituation, as negroes were what I only wanted, 
having only one boy belonging to Dr. YounG with me. I 
knew, if I had great difficulties in the woods, he and I both: 
ſhould be inadequate to the taik, as in a ſhort time we ſhould be 
ſo wearied as to be unable to proceed: from what I had ſeen of 
the mountain, I knew I muſt be under the neceftity of carrying: 
water with me; and from the great diſtance to the top, and 
obſtructions we might narurilly expect, I thould at leaſt: 
require two days to accompliſh it. 
By examining the ſide of the mountain towards me with a 
good glaſs, I imagined I ſaw two ridges I might get up. I per- 
ceived they were covered great part of the way with thick 
wood; yet I hoped, with a little cutting, I ſhould be able to. 
ſcramble through them. I appointed next morning to begin 
my route by one of theſe ridges. 8 
February 26, 1784, I left Mr. MALOUNE's about ſun-riſe, 
with two ſtout negroes and Dr. Vouxc's boy; each of us hav- 


\ 


ing a good cutlaſs, as well to clear our way through the woods, 


as to defend us in caſe we ſhould be attacked by Caribbees or. 
run-away negroes. We arrived at the bottom of the mountain 
a little before ſeven in the morning. To get to either of the. 
ridges, we found we had a rock to climb above forty feet 
high: it was with great difficulty we ſcrambled up, aſſiſt- 
ing one another in the beſt manner we could; here we found it; 
neceflary to contract our baggage. After getting up this rock, 
I found myſelf in the bottom of a narrow and: deep ravin. 
Having aſcended this ravin a little way, I ſaw ſome cleared 
ground on its. ſides, with tobacco growing. This I conjec- 
tured was the habitation of ſome. Caribbees ; but I was much, 

ſurpriſed 
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furpriſed when one of the negroes I had with me told me, it 
was the habitation of a Mr. Gasco, a Frenchman. What 
could induce a ſtout healthy man 1n the prime of life, and a 
good mechanick, with ſeveral negroes, to take up his reſidence 
among rocks and precipices, excluded from the whole world, 
is a myſtery to me. Befides, by every torrent of rain that 
happens, he may expect himſelf and all his habitation to be 
waſhed over the rocks into the ocean. Notwithſtanding his 
ſingular ſituation, I found him an intelligent man, and J expe- 
rienced every hoſpitality his poor cottage could afford. 

The difficulty of going through woods in the Weſt Indies, 
where there are no roads or paths, 1s far beyond any thing an 
European czn conceive. Befides tall trees and thick under- 
wood, there are hundreds of different' chmbing plants twiſted 
together like ropes, and running in all directions to a great ex- 
tent, and even to the tops of the higheſt trees; by puſhing on 
they cannot be broke, and many of them with difficulty cut ; 
beſides a ſpecies of graſs, the Schoenus Lithoſpermos, with fer- 
rated leaves, that cuts and tears the hands and face terribly. 
With fuch obſtructions as theſe it was above two hours before 
we got on the ridge, where J was in hopes our paſſage would 
have been eaſier; but I ſoon found my miſtake, for J was ſur- 
rounded with a thick foreſt, much more difficult to get through 
than before, on account of the large piles of trees broken down 
by the hurricanes, to paſs which in many parts we were obliged 
to creep on our hands and feet to get below them, and in other 
places to climb a great height above the ſurface of the ground, - 
to get over large trunks lying on one another, and theſe being 
frequently rotten, occaſioned us to tumble headlong down to a 
great depth, among rotten wood and graſs, ſo that it was with 
great difficulty I and the negroes could cxtricate ourſelves. - By 

"ED D 2 ; con- 
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conſtantly cutting to clear our way, I, as well as my compas 
nions, grew much fatigued, and they wiſhed much to return 
back. About four in the afternoon 1 could not prevail upon 
them to proceed farther ; if they did, they could not return 
before dark, and they would not ſleep all night in the woods; 
but ſaid, if I ſtayed they would return to me next morning. 1 
ſaw it was impoſſible to gain the ſummit of the mountain with 
the boy only by that route: I likewiſe ſaw the woods 
growing more difficult, my water alſo totally expended : 
from theſe conſiderations I intended to go down to the French» 
man's, and remain there all night, and try another route with 
my boy next morning, hoping I might be fortunate enough to- 
find an eatier paſſage. I arrived at Mr. Gasco's a little after 
ſun-ſet, being much fatigued and thirſty, and never expo- 
rienced more hoſpitality and kindneſs than from this man in 
his miſerable cot; for we ought not to judge of the value of the 
things received, but of the diſpoſition of the heart with which 
they are given. He parted with his hammock to me, and ſlept on 
a board himſelf. This I at firſt refuſed; but he inſiſted on it, 


telling me, from my hardſhips of the day I was much more 


tired than he. I took the hammock, but I found it was impoſſible 
to cloſe my eyes during the night with cold. His hut was 
built of ro/eaux or large reeds, between each of which a dog, 
might creep through, and the top was covered with dry graſs, 
It is fituated in the bottom of a deep gully, where the ſun 
does not ſhine till nine in the morning, nor after four in the 
afternoon. It 1s ſurrounded by thick wood, and during the 
night the whole of the mountain is covered with thick clouds, 
trom which it frequently rains; this makes the night air ex- 
ceedingly cold. I got ready to renew my journey next morn- 
ing, having only Dr. Young's boy with me, who continued 
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very faithful to me during this excurſion, being very active and 
hardy : I do not know it I could have gone through this fa- 
tigue had it not been for his aſſiſtance. I now determined to 
commence this dav's route up the ravin, as it ſeemed to widen 
and apparently run a conſiderable way up in the direction I 
wiſhed for; and if I could get out of it upon the other ridge, 
it would .at leaſt be two miles nearer than the way I had at- 
tempted yeſterday, and probably, after getting out of it, I 
might find wood eaſier of acceſs. In this ravin I got up about 
a mile and a half, without meeting with any conſiderable ob- 
ſtruction. Encouraged by getting fo far, although the ravin 
was narrowing faſt, with numbers of rocks and precipices to 
climb over, with vines and buſhes difficult to get through, I 
was reſolved to perſiſt in this route, and determined by every 
poſſible means to get to the object of my wiſhes, well knowing 
if I could not perform it this way, I might abandon it entirely. 
After climbing over a number of difficult paſſes, the ravin der- 
minated at the bottom of a very high precipice ; how far it 
was to the ſummit I did not know, being covered toward the 
top. with thick wood; but from the bottom upwards: it 
was looſe ſand as far as. J could ſee, with ferns and tufts of 
graſs, which, as ſoon as I took hold of them, came out 
at the roots. The precipice being ſo very ſteep, with no trees 
or buſhes on it to aſſiſt me in getting up, I plainly ſaw the at- 
tempting to climb it was at the riſk of my life: however, I 
was reſolved to try it, and telling the boy to keep ſome diſtance 
behind me, in caſe I ſhoutd tumble and drive him down along; 
with me, I began to aſcend, holding the tufts of graſs as. 
lightly as poſſible, and digging holes with my cutlaſs to put 
my feet in; but I often loſt my hold, and frequently flipped. 


down a conſiderable diſtance ; however, as. it was nothing but 
looſe 
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looſe ſand, I could eaſily puſh my cutlaſs into it to the handle, 
and by graſping it could recover myſelf again. Had I not 
taken the reſolution before 1 began to aſcend to diveſt myſelf of 
tear, I could not poſhbly have gone, for the terror of falling 
would have been the means of it every inſtant. I got up to 
ſome wild plantains, which I faw continued all the way to 
the place where the buſhes and trees began to grow. I here 
reſted myſelf, and waited for the boy's getting to me, which 
he did much eaſier than I, although he had the proviſions and 
water, owing to the track I had made, and becauſe, being 
much lighter, he could better truſt himſelf to the graſs and 
ferns. After ſome labour we arrived at the top of the preci- 
pice. I found myſelf on a very narrow ridge, thickly covered 
with wood, and bounded: by two ravins, the bottoms of which 
I could not fee ; the deſcent to them ſeemed to be nearly per- 
pendicular, yet all the way covered with thick wood. After re- 
freſhing ourſelves, we began our fatigue, the boy and I cutting, 


and carrying our water and. proviſions, alternately. When we 


had got ſome way, I found I was on an exceeding narrow ridge, 


in many parts not fix feet broad; on each fide a tremendous. 


gulf, into one or other of which J was often in danger of fal- 
ling, ſo that with great caution I was obliged to lie down on 
my belly, to ſee through the buſhes how the ridge tended. Here 
I began to ſmell ſulphur, or rather a ſmell like gunpowder. . 
As I knew this ſmell muſt come from the top of the mountain, 
being in the direction of the wind, I was in hopes we could 
not be far from it, as the ſmell grew ſtronger and ſtronger as I. 


aſcended. I ſaw a riſing before me, and thought if 1 was once 
on it, if the top of the mountain was near I could have a view 


of it; but having got on this riſing I could only fee a high peak 
on the N. W. end of the mountain, and by appearance I thought 
6 myſelf 
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myſelf very little nearer than when I was at the bottom. The 
woods now became very difficult to get through ; great quan- 
tities of fallen trees lying buried under long graſs and being 
rotten, when I thought mylelf walking on the ground, I was 
frequently buried a great depth among them. Being now 
about noon, and my turn to carry the baggage, and conſe- 
quently my turn of reſt, I was ſurpriſed to hear a ruſtling 
among the buſhes, and ſomething like a human voice behind 
me. As we were now 1n a place where J had little reaſon to 
{uppoſe there had been a human foot before, and could not 
imagine there could be habitations of Caribbees or run-away 
negroes, ſince from the barrenneſs. of the mountain they 
could not poſſibly find any proviſions to ſubſiſt on, I told the boy 
to ſtand ſtill, and let us wait their coming up; for if they were 
Caribbees advancing with an intention to hurt us, there was no 
alternative but to defend ourſelves. You may imagine my ſur- 
priſe when I ſaw one of the negroes who had been with me the 
day before, with three others, which Mr. MaLouxe had ſent: 
to my aſſiſtance, with plenty of proviſions. After refreſh- 
ment, with this aſfiſtance, I renewed my labours with freſh 
ipirits, and thought I was ſure of reaching the top before 
night. Having proceeded a. little, I had a fair view of the 
ravin on my left, which was of prodigious depth, and ran 
from near. the top of the mountain to the ſea; its bottom 
ſeemed to be a rock of a colour nearly reſembling lava, and 
appeared as if there had been vaſt torrents of ſulphureous mat- 
ter running in it ſome time. I regretted much I knew not of 
this ravin before I commenced my excurſion, as by paſſing a 
head-land in a canoe, and getting into the ravin, I might have 
gained the ſummit of the mountain, without experiencing the 
delays and difficulties I here encountered. It was now about. 


4 P. M. 
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4 P.M. and I had no proſpect of the mountain's top; but from 
the aſcent of the ravin below, I knew it was a great way off. I 
thought if I could get into the ravin before night, I could get 
eaſily up next morning. After cutting a great way through 
wild plantains, the ſun near ſetting, I found myſelf almoſt 
over the verge of a precipice ; by catching hold of ſome ſhrubs 
1 prevented myſelf from falling. We were now about half- 
way down; but all the way below us, as far as we could ſee, 
was a perpendicular precipice of rock, ſeveral hundred feet 
high, to paſs which was impoſſible. I had a view of ſome part 
of the top of the mountain, which I ſaw was yet far from me ; 
nor could I attempt any other way than the ridge I had left. 
Being now ſun- ſet, and the negroes very diſcontented, becauſe 
they could not return that night, I found we muſt take up our 
night's reſidence in the place where we were. It was a very 
unfavourable one, there being nothing but plantains growing, 
which retaining the rain long in their leaves, and being frequently 
agitated by the wind, were conſſantly dropping, and kept the 


ground always moiſt. Being almoſt dark, we had time to make 


us no other habitation, than placing two or three ſticks againſt 


an old ſtump of a tree, and fhghtly covering them with plantain 


leaves. After getting together ſome little wood to make a fire 
to keep ns comfortable, it began to blow and rain violently, 
which continued all night. We ſoon found our building 
afforded us no ſhelter, and the wood would not burn, ſo that 
we could not get any fire; and the ground on which we were 
fituated would not allow the leaſt exerciſe to keep us warm. 
From ſuch a miſerable night J experienced no mitigation for 
the fatigues of the day. I withed for the rifing fun, to renew 
my labours; which Jat laſt beheld with inexpreſſible joy. 


4 
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As ſoon as we could ſee, we returned to the ridge we left 
the night before, and began to work with alacrity, as we were 
almoſt chilled with cold. I puſhed on as faſt as poſſible, and 
2bout ten o'clock found the woods began to grow thin. I 
could not ſee the top of the mountain, but had a view of ſe- 
veral ridges that joined it. From the wind falling, and the 
heat growing intenſe, I thought we muſt then be under the 
cover of the ſummit: I here found many new plants. Abdut 
eleven A.M. I was overjoyed to have a full view of the ſummit 
of the mountain, nearly.a mile diſtant from us, and that we 
were nearly out of the woody region. The top ſeemed to be 
compoſed of fix or ſeven different ridges, very much broken in 
the ſides, as if they had ſuffered great convulſions of nature; 
they were divided by amazing deep ravins. without any water 
in them. I obſerved where the W 0 meet the edge of a large 


this might be the mouth of the crater, and directed my courſe 
to a high peak which overlooked it. I found here a moſt 
beautiful tree which compoſed the laſt wood. After that I en- 
tered into- a thick long graſs, intermixed with fern, which 
branched and ran in every direction. To break it was impoſ- 
ſible, and with great difficulty I could cut it; ſo that in clear- 
ingour way through this graſs, eight or ten feet high, there wat, 
equal difficulty as in the woods, and it ſeemed to continue; 
very near to the top of the mountain. Being now about noon, I 
and the negroes were ſo fatigued as hardly to be able to ſtand ; 
our thirſt very great, to allay which, as much as poſſible, we 
chewed the leaves of the Begouia obliqua. Two of the negroes 
returned, and the others ſaid they would go no farther with 
me, as they muſt periſh for wait, of water, and it would be 
impoſlible to get to the bottom before night, and they muſt all 
Vol. LXV. E die 
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die in the woods. The propriety of their reaſoning was evi- 
dent to me; yet 1 thought it hard, after the fatigues of three 
days and two nights, to be within half a mile of the top, 
and not be able to get up, and to know little more about it than! 
did at the bottom. As the negroes had not the ſame motive 
for going up as I, all my reafoning was to them ineffectual; I 
found J was obliged to return myſelf, as I could not perſiſt 
alone. At half paſt twelve we began to deſcend the fame way 
we came. As there was now a clear path all the way to 


the bottom, we got down to Mr. Gasco's by ſun ſet. After 
ſitting ſome time here, I was hardly able to riſe again, I was ſo 


tired; and my feet were fo ſore I could hardly ſtand on them, 
for, my ſhoes being torn to pieces, I came down the whole way 


bare-footed. I continued my journey, however, to Mr. MAa- 
LOUNE's, where I arrived between fix and ſeven at night. 


March 4th, being the day I had fixed to finiſh my excurſion, 
about four in the morning, I left the houſe of Mr. FR AsER, 
who out of curioſity agreed to accompany me, of which I was 


very glad, as he was a ſenfible young man; and with the aſſiſt- 


ance of two negroes we purſued our journey, We found very 
little obſtruction in our way up, until we got to the place where 
I returned ; and there, for about a quarter of a mile, we had. 
conſiderable difficulty to clear our way through graſs and ferns.. 
After we came within a quarter of a mile from the top, we 
found ourſelves in another climate all at once, the air very cold, 
and the vegetable productions changed; here was nothing but 
barrenneſs over the whole ſummit of the mountain. On the 
confines of the grafly region and the barren I found ſome beau- 
tiful plants. Moſs grows here in ſuch plenty, that I frequently 
ſunk up to my knees in it. This is the only place in the Weſt 
ladies that produced any moſs that I have ſeen. About noon 
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we gained the top of the peak I had directed my courſe to be- 
fore; when, in an inſtant, we were ſurpriſed with oue of the. 
grandeſt and moſt awful ſcenes I had ever beheld. I was ftruck 
with it amazingly, as. I could not have conceived ſuch a very 


large and fo ſingularly formed an excavation. It is ſituated on 


the center of the mountain, and where the various ridges 
unite. Its diameter is ſomething more than a mile, and its cir- 
cumference to appearance a perfect circle. Its depth from tlie 
ſurrounding margin is above a quarter of a mile, and it nar- 
rows a little, but very regularly, to the bottom. Its ſides are 
very ſmooth, and for the moſt part covered with ſhort moſs, 
except towards the ſouth, where there are a number of ſmall 
holes and rents. This is the only place where it is poſſible to 
go down to the bottom: it is exceedingly dangerous, owing to 
the numberleſs ſmall chaſms. On the weſt fide is a ſection of 
red rock like granite, cut very ſmooth, and of the fame decli- 
vity with the other parts. All the reſt of the ſurrounding ſides 
ſeems to be compoſed of ſand, that looks to have undergone 
the action of intenſe fire. It has a cruſt quite ſmooth, of 
about an inch thick, and hard almoſt as rock ; after breaking 
through which, you find nothing but looſe ſand. In the center 
of the bottom is a burning mountain of about a mile in cir- 


cumference, of a conic form, but quite level. On the ſums 


mit, out of the center of the top, ariſes another mount, eight 
or ten feet high, a perfect cone; from its apex iſſues a column 
of ſmoke. It is compoſed of large maſſes. of red gran:te-like 
rock of various ſizes and ſhapes, which appear to have been 
ſplit into their preſent magnitudes by ſome terrible convulſion 
of nature, and are piled up very regular. From moſt parts of 
the mountain iflue great quantities of ſmoke, eſpecially on the 


north fide, which appears to be burning from top to bottom, 
E 2 and 
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and the heat is ſo intenſe, that it is impoſſible to go upon it. 
Going round the baſe is very dangerous, as large maſſes of rock 


are conſtantly fplittiug with the heat, and tumbling to the bot- 


tom. At the bottom, on the north fide, is a very large rock 
ſplit in two; each of theſe halves, which are ſeparated to a 
confiderable diſtance from each other, is rent in all directions, and 
from the crevices iſſue effloreſcences of a glofly appearance, which 
taſte like vitriot, and alſo beautiful cryſtallizations of ſulphur. 
On all parts of the mountain are great quantities of ſulphur m all 
flat /s; alſo alum, vitriol, and other minerals. From the external 
appearance of this mountain, I imagine it has only begun to 
burn lately, as on feveral parts of it J faw fmall ſhrubs and 
grats, which tooked as if they had been lately ſcorched and: 
burnt. There are feveral holes on the ſouth, from which iſſues. 
fmoke, feemingly broken out lately, as the buſhes round are but 
lately burnt. On two oppolite ſides of the burning mountain, 
caſt and weſt, reaching from its baſe to that of the fide of the 
crater, are two lakes of water, about a ſtone's throw in breadth ; 
they appear to be deep in the middle; their bottom to be co- 
vered with a clay-like ſubſtance. The water ſeems pleaſant to 
the taſte, and is of a chalybeate nature. I ſuppoſe theſe lakes 
receive great increaſe, if they are not entirely ſupported, by the 
rain that tumbles down the ſide of the crater. I obſerved on 
the north fide of the bottom traces of beds of rivers, that to 
appearance run great quantities of water at times to both theſe 
takes. By the ſtones at their edges, I could perceive that either 
abſorption or evaporation, oz perhaps both, go on faſt. The 
greater part of the bottom of the crater, except the mountain 
and two lakes, 1s very level. On the ſouth part are ſeveral 
thrubs and ſmall trees. There are many ſtones in it that ſeem 
to be impregnated with minerals: J ſaw ſeveral pieces of pu- 

3 mice- 
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mice-ſtone. I alſo found many ſtones about the ſize of a man's 
fiſt, rough, on one fide blue, which appearance, I imagine, 
they have got from heat, and being in contact with ſome 
mineral, Theſe ſtones are ſcattered over the whole mountain, 
one or two of which I have fent you, with ſome others. 

After I had got up from the bottom of the crater, I could not 
help viewing it with admiration, from its wonderful ſtructure 
and regularity. Here I found an excavation cut through the 
mountain and rocks to an amazing depth, and with as much 


_ regularity and proportion of its conſtituent parts, as if it had 


been planned by the hand of the moſt ſkilful mathematician. I 
wiſhed much to remain on the mountain all night, to examine 
its ſeveral ridges with more attention next day ; but I could not 
prevail on my companion to ſtay, and therefore thought it 
adviſable to accompany him. 

I obſerved the motion of the clouds on this mountain to be 
very fingular. Although there are ſeveral parts on it higher 
than the mouth of the crater, yet I ſaw their attraction was 
always to it. After entering on its eaſt or windward fide, they 
ſunk a conſiderable way into it; then, mounting the oppoſite 
hde, and whirling round the north-weſt fade, they ran along a 
ridge, which tended nearly north-eaſt, aud afterwards ſunk 
into a deep ravin, which divided this ridge from another on the 
north-weſt corner of the mountain, and the higheſt on it, lying 
in a direction nearly ſouth and north. They keep the courſe of 
this ridge to the ſouth end, and then whirl off weſt in their 
natural courſe. | 

I took my departure from the mountain with great reluctance. 
Although I encountered many difficulties to get up, yet it 
amply rewarded me for all my toil ; but I had not time to 
examine it with that attention. I wiſhed. When I got on the 

peak. 
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peak from which I had my firſt view of it, and from? which 1 
could fee its diffetent parts, I could not help reviewing, it 
fevera! times. After imprinting its ſtructure on my mind, I 
rook my final adicu of it, and returned down, and got to Mr. 
FRASER's houſe about ſeven at night, much fatigued. 

I am ſorry I had no inſtruments, to take the ſtate of the air, 
nor the exact dimenſions of the different parts of the moun- 
tain; but, 1 believe, on meaſurement, they will be more than 
I have mentioned. | 

From the ſituation of theſe iſlands to one another, and to the 


continent of South America, I imagine there are ſub- marine 


communications between the burning mountains or volcanoes 
in each of them, and from them to the volcanoes on the high 
mountains of America, The iflands, which are ſituated next 
the continent, ſeem to tend in the direction of thoſe moun- 
tains; and I have obſerved, that the crater in this iſland lies 
nearly in a line with Soufriere in St. Lucia and Morne Pelee in 
Martinique, and I dare ſay from Morne Pelce to a place of the 
fame kind in Dominique, and from it to the others; as it is cer- 
tain there is ſomething of this kind in each of theſe iſlands, 
Barbadoes and Tobago excepted, which are quite out of the 


range of the reſt; 

There is no doubt but eruptions or different changes in FR 
of them, although at a great diſtance, may be communicated 
to and affect the others in various manners. It is obſerved by 
the inhabitants round theſe burning mountains, that ſhocks of 
earthquakes are frequent near them, and more ſenſibly felt 
than in other parts of the iſland, and the ſhocks always go in 
the direction of them. 

I cannot omit mentioning the great aſſiſtance 1 teceived in 
the abeve excurſion from Dr. Youne, Mr. Maroune, and Mr. 
FRASER ; 
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FrasER; for, without the aid of their negroes, I could not 
have poſſibly gone through with it. 


References to the figure, tab. II. 


A 1. The ſummit that overlooks the crater, from which the 
drawing 1s taken. 

AAAA. The circumference of the crater, 

BBBB. 'The circumference of the bottom. 

C. The burning mountain. 

D. The ſmall one on its ſummit. 

EE. The two lakes of water. 5 

F. The ſection of the rock on the weſt ade of the crater. #- 

G. The large ravin. of 

HHHH. Ravins of great depth. 

L EMooreſcence' on the north end of the rock, which at a 
diſtance looks like alum or nitre. 

7. 2.3.4. 5-6. The different ridges on the mmi of che n moun- 

tain, as they join the crater. 

7. Woods deſtroyed by the hurricane. 

8.8. The clouds going to the ſouthward of the weſt 11 ge. 
after paſſing north on the weſt fide of the crater. 
9.9.9. Where I deſcended into the bottom of the crater. 
L and 10. The ſummit and baſe of the ridge on which B 

aſcended the mountain. 
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IV. A Supplement to the Third Part of the Paper on the Sum- 
mation of infinite Series, in the Philoſophical TRA 
for the Year 1782. By the Rev. S. Vince, M. 
communicated by Nevil Maſkelyne, D. D. F. R. &. ans 
Aſtronomer Royal. 


Read November 25, 1784. 
HE reaſoning in the third part of my paper on the Sum- 
mation of infinite Series having been miſunderſtood, I 


have thought it proper to offer to the Royal. Society the follow- 


ing explanation. When I propoſed, fot example, to ſum the 
ſeries 1 1 +3 = &e. fine fine, I wanted to find ſome quantity. | 
which, by 3 its expanſion, would produce that ſeries, and that 

quantity I called its ſum; not (as I conceived muſt have been 
evident to every one) in the common aceeptation of that word, 


that the more terms we take, 'the more nearly we ſhould 


approach to that quantity, and at laſt arrive nearer to it than 
by any aſſignable difference, for there manifeſtly can be no ſuch 
quantity; but as being a quantity from which the ſeries muſt | 
have been deduced by expanſion, which quantity I found to be 
— TH. L. 2. If therefore in the ſolution of any problem, 4 
the concluſion, whoſe value I want, is expreſſed by the above 
ſeries, and which aroſe from the neceſſity of expanding ſome 
quantity in the preceding part of the operation, ſurely no one 
can deny but that I may ſubſtitute for it — 3 + H. L. 2. For 
whatever quantity it was, which by its expanſion produced at 
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firſt a ſeries, the ſame reduction which, from that ſeries, pro- 


duced the ſeries 4 -3+43—&c. muſt alſo have produced 
— 3 +H. L. 2. from the quantity which was expanded. This 
value of the ſeries I obtained in the following manner. I ſup- 
poſed the ſeries 3 —3 +3 = &c. to be divided into two parts; 
the firſt part to contain all the terms till we come to thoſe 
where the numerators and denominators become both infinitely 
great, in which caſe every term afterwards may be ſuppoſed to 
be equal to unity: the ſecond part, therefore, would neceflarily 
be (ſuppoſing the firſt part to terminate at an even number of 
terms) 1-1+1=1 +&c. ſine fine. The firſt part, by colle&- 


ing two terms into one, become 


which ſeries, as it is continued till the terms become infinitely 
ſmall, is equal to - 1 +H. L. 2. The ſecond part 1 =1+1 = 
&c.has not, taken abſtractedly of its origin, any determinate value 
(as will be afterwards obſerved), but confidered as part of the ori- 
ginal ſeries it has, for that ſeries muſt have been deduced from the 


expanſion of the binomial I TH, or I, and hence, when 


* 1, 1—1+1=&. can in this caſe have come only from 


7 which, therefore, muſt be ſubſtituted for it; conſe- 


quently the two parts together give - 3 + H. L. 2. 
Having thus explained the nature of the ſeries which I pro- 
poſed to ſum, and the principle upon which the correction 


depends, IJ muſt beg leave to acknowledge my obligations to 


my very worthy and ingenious friend GRORGE Ar woop, Efq. 
F. R. S. who firſt obſerved that the ſeries 1 — 1 +1—1+ &c. has 


no determinate value in the abſtract, as it may be produced by 


1 
*. whatever be the number of units in the denomi- 
I+1+&c. 


VoL. LXXV. F nator ; 
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nator *; and it may alſo be added, that the ſame ſeries arifes 


1+1-+1+8&c. 
1+1+1+1+&, ; 
the denominator than 1 IN the numerator. The correction will 


from 


therefore be different in different circumſtances, and will depend 


on the nature of the quantity which was at firſt expanded. In 


the third part of my paper, I applied the correction to thoſe caſes 


where the original ſeries aroſe from the expanfion of a binomial, 
where the correction is in general as I there gave it; but as! 
did not apply my method to any other ſeries, I confeſs that it 
did not appear to me, that the correction would then be dif- 
ferent, which it neceflarily would had I extended my reafon- 
ing to other caſes. I ſhall therefote add one example to ſhew 
the method of correction in other inſtances, where the value 
of the correction will be found to be different, according as we 


begin to collect at the firſt or ſecond term. Let the ſeries be 


2 2 T2 = &c. ine int, which came originally from. 


; now if we begin to collect at the firſt term, the ſeries 
1+x+x 


becomes —_ + —— ＋&c. and for the "BRA reaſon as before, the 
. * , 


correction, to be added, is 2; but - 2 * 5 4 ce. = © E. 1 
95 3, 


hence the ſum re- 


circular arc (A) o 


quired AT. If we begin to collef at the ſecond term the 


ſeries becomes 2 — 7.25 78 & c.; and the correction to be 
ſubtracted is 2; for the ſecond part of the original ſeries is now 


1471 


-1+1-1+1—-&. which was produced by T but 


* I have been ſince informed by Mr, WaLEs, F. R. S. that a pupil of his, Mr. 
Pub, made the ſame obſervation. 
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, provided the number of units be greater in 
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Summation of infinite Series, 35 
2 2 . ; . — 
2 2 27 Kc. =1+5A; therefore the ſum required = 


2 +4 Aas before. In the ſame manner we may apply the cor- 
rection in all other cafes. Although, therefore, the ſeries 
114111 &c. or 111171 &c. have no determi- 
nate value in the abſtract, yet the given ſeries will fix its value 
by pointing out the quantity from which the ſeries muſt have 
been originally produced. 
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V. Deſeription of a Plant yielding Aſa fœtida. In a Letter 
from John Hope, M. D. F. R. S. 10 Sir Joſeph Banks, 
Bart. P. R. S. 


Read December 9, 1784. 


8 IX, Edinburgh, Auguſt 18, 1784. 


BEG you will do me the honour of preſenting the incloſed 
account of the Aſa fœtida, and the botanical deſcription of 
the plant, with the drawings, to the Royal Society. 


I have the honour of being, with much reſpect and eſteem, &c.. 
JOHN. HOPE. 


ASA FOETIDA. 


PLANTA umbellifera, tripedalis, erecta, ramofa, glauca, 
flore luteo. 

Radix perennis. 

Folia radicalia ſex, procumbentia, trilobo-ovata, multoties 
pinnatim diviſa; foliolis inciſis, ſubacutis, ſub- 
decurrentibus; petiolo communi ſuperne plano, linea 
elevata longitudinaliter per medium decurrente. 

2 Cauli 4 


9 


Dr. Horx's Deſcription, &c. 37 

Caulis bipedalis, erectus, teretiuſculus, annuus, leviter ſtria- 
tus, glaber, nudus præter unam circa medium fo- 
liorum imperfectorum conjugationem ; petiolo mem- 
branaceo, concavo. 

Rami nudi,” patuh ; quorum tres infer, alterni, ſuſtinentur 
ſinguli folii imperfecti petiolo membranaceo con- 
cavo. 

Quatuor intermedu verticillati ſunt. Supremi ex apice 
caulis octo, quorum interni erecti. 

Omnes hi rami ſummitate ſuſtinent umbellam com- 
poſitam ſeſſilem terminalem, et præterea 3—6 ramulos 
externe poſitos, umbellas compoſitas ferentes. 

Hoc modo, rami inferiores ſuſtinent 5, raro 6 ramulos; 
intermedii 3 vel 4; ſuperiores 1 et 2. 

CAL. Umbella univerſalis radlis 20 — 30 conſtat. 

partials floſculis ſubſeſſilibus 10—20. 

Umbella compoſita ſeſſilis convexo-plana. 

—— pedunculata hæmiſpherica. 

Involucrum unwverſale nullum. 

partiale nullum. 

Perianthium proprium vix notabile. 

Con. uni verſalis uniformis. 


Floſculi umbellæ ſeſſilis fertiles. 
pedunculatæ plerumque abortiunt. 


propria petalis quinque æqualibus, planis, ovatis: primo 
patulis, dein reflexis, apice aſcendente. 
ST AM. Filamenta 5, ſubulata, corolla longiora, incurvata. An- 
there ſubrotundæ. 
Pis r. Germen turbinatum, inferum. 
Styli duo, reflexi. 
Stigmata apice incraſſata. 
PER. 


58 Dr. Horx's Deſeripilon of 4 
PER. nullum: fructus oblongus, plano-vomprefſus, utrinque 3 
liners elevatis notatus eſt. 


Sr u. duo, oblonga, magna, — plana, 3 liieis elevatis 


notata. 


Planta odorem alliaceum diffundit. Folia, rami, pedun- 


culi, radix, truncus, ſei ſuccum fundunt lacteum, 
ſapore et odore Aſæ fœtidæ. 


. 


THOUGH Aſa fœtida has been uſe in medicine for many 


ages, having been introduced by the Arabian phyſicians near a 


thouſand years ago; yet there was no ſatisfactory account of 
the plant which yielded it, till K xMvy#R publiſhed His Amceni- 
tates Exoticz about ſeventy years ago. 

KaMPFER, towards the end of the laſt century, travelled 
over a great part of Afia, and was in Perſia, and upon the ſpot 
where the Aſa foetida is collected. He gives a full account of 
the manner of collecting it. He deſeribes the plant; and alſo 


gives a figure of it, differing in WP refpects from thoſe which 
I now preſent to the Society *. 


Six years ago, I received from Dr.Ovratie, of St. 3 
F. R. S. two roots of the Aſa fœtida, with the following card 
from Dr. PALLAs, addreſſed to Dr. Gur HRE: 

„Dr. PALLAS'S compliments to Dr. Gur RTE; he ſends 
« him two roots of the Ferula Aſa fetida, a plant which he 


* Probably Kxmeres's Aſa foetida Plant is a different ſpecies from that 
defcribed by Dr. Hort in this paper. Kazmrrzr was himſelf upon the mountains 
where the drug is collected, and his fidelity in deſcribing, as well as delineating, has 
not hitherto been impeached. Sanguis Draconis, and ſome other gums, ares 
indifferently the produce of various ſpecies of plante; and why may not Aſa a 
fœtida be ſimilarly circumſtanced? Jos. BAx xs. ä 
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Plants odorem alllaceum diffondit. Folia, rami, peduk- 
agcculi, radix, truncus, ſecti ſücbuum We lacteum, 
e et _ Aſæ fœtidæ. 3 


* 
* . 5 a 
11112 7452481 f 


Paws iu U uh 
THOUGH A Retida ls beeti wſdSin itiedieine bor many 
*ages, having been introduced by the AtiGiaiy phyſicians near a 
thouſaind years ago; yet there was no factory account of 
the plant which yielded it, till K Mvy Dh his Amœni- 
tates Exoticz about ſeventy years ago. „D n 
KEMPER, towards the end of the tft century, travelled 
over a great part of Aſia, ad Was iti Perſia, arid upon the ſpot 
Where the Aſa fœtida is collected. He gives's full account of 
the manner of collectimg it. He deferibes the: ptant; and alſo 
gives a figure of it, differing in any e Hom choſk which 
I now preſent to the Society „ 
Six years ago, I received froth Dr. Sornkix, of St. Peterſburg, 
F. R. S. two roots of the Aſa fœtida, with the following ca 
from Dr. PALLAS, addreſſed to DriiGvritzic': 
% Dr. Pali. ANN \Githplitnctiigto-Dr:"GuTrrare ; he ſends 
* him two roots of olie Ferulg Aa 4eftida, a plant which he 


% 2094 i: ob» 
® Probably Kaneyrs' 's Aſa fetida Plant is : different ſpecies from. that 


deſeribed by Dr. Horz in this paper. Kæurrzx was himſelf upon the mountains 
where the drug is collected, and his fidelity in "deſcribing, as well as delineating, has 
not hitherto been impeached. Sanguis Praconis, and ſome other gums, . are 
indifferently the produce of various ſpecies of plante; and why may not Aſa 
fœtida be ſimilarly circumſtanced? Jos. Banks. 
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« himſelf, though the ſeeds. ſent to. the Academy from the 


« mountains of Ghilan in Perſia had Wea diſtribured among 
« ſeveral curidub perſons 4 ty, 

Both theſe roots were planted in the open 3 in the 
Botanic Garden at Edinburgh; one died; the other after ſome 
time did well, and laſt ſummer flowered: aud produced ſeed. 1 
had an accurate drawing of the plant made by Mr. Fire, which 
I now haye the pleaſure:of-laymg: before the Society. It ex- 
preſſes very well the general habit of the plant, which was of 
a pale ſeaigreew colour, and gr 6% the height of - thxee 
feet. The ſtem is ideviduoitis, but dhe root is perennial. 
Every part of the plant, when wounded,” poured out a rich 
milky juice, refembling. in ſimoll and / taſte Bla fœtida-; and at 
times a ſmell reſembling garlick, ſuach as a faint i impregnation: 


of Aſa: fwetida yields; IS a * — of ſeveral 


In Pera, at the ah ſeaſon; Py root yg cut 6ver once and 
again; from the. incigong there flows a thiok- „a like cream, 
which, thickened;..is the Afa'feetida. - n 

J have only further to obſerve, PTY a8 0 plant grows in 
the open air, without ptotection, and even in an unfavourable 
feafon produced a good deal of: feed, and as the juice ſeems to 
be of the ſame nature with the officinal Aſa feetida, there is 
ſome reaſon to hope, that it may become an article of cultiva- 
tion in this country of no inconſiderable importance. 


Edinburgh, Jan. 1783. 


« thinks never was cultivated in any European garden, 88 
« which nobody has beef ſo fortuhate as to raiſe from ſeed but 
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WIE great uſo a Double Buss having been ready pointed 
out in a former paper, on the Parallax of tie Fixed Stars, 
and in a latter ont, on the Motion of the Solar Syſtem, I have 
now drawn up a ſecond collection of 434 n have 
found out ſince the firſt was delivered. 
The happy ofiportynity of giving all my late bh the ant 
of aſtronomy, which it has pleaſed the Royal Patron of this 
Society to furniſh me with, has put it in my power to make 

the preſent collection much mort perfect than the formers 

almoſt every double ſtar in at having the diſtance and poſition 

of its- two ſtars meaſyred by proper «+5 : and Go 

obſervations have been much oftener repeated. 
The method of claſſing them is in every a the * as 
hs which has been uſed in the firſt collection; :for which rea- 
ſon Irefer to the introductory remarks that hive been given 
with that collection * for an explanation of ſeveral particulars 
neceſſary to be previouſly known. The numbers of the ſtars 
are here alſo continued, ſo that the firſt elaſs ending thete at 


- 


* Sec Philoſophical Tranfactions, vol. LXXII. p. 112. 
MI 244 
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Mr. Heneeas e b ee Bars. © 
| 24 begins here at 25. and the co 18 done with che wthis 
acid i 256 16 mom vd e 

Moſt of the double ſturs in my arenen a are among the. 
number of thoſe ſtars which have their places determined in 
Mr: Fr AnsTRRED's extenſive catalogue; but of this collection 
many are not contained in that author's work, I have therefore 
adopted a method * L r them _ which! it will be Proper: 
to.deſcribe. 

The finder of my desde is limited, Wa a proper Gapbraghny 
to a natural field of two degrees of a great circle in diameter. 
The interſection of the croſs wires, in the center of it, points 
out one degree; and by the eye this degree, or the diſtance 
from tlie center to the circumference, may be divided into 4, 
1, 1, 2, and 3. Thus we ate furniſhed with a meaſure which, 
though coarſe, is however ſufficiently accurate for the purpoſe; 
here intended; and which, if more than two _—_ are 
wanted, may be repeated at pleaſure. | | 
In fuch meaſures as theſe I have given the . of a dns: 
ble ſtar, whoſe place I wanted to point out, from the neareſt 
ſtar in FramsTEeD's Catalogue. And fince, beſides. the 
diſtance, it is alfo required to have its poſition with regard to 
the ſtar thus referred to, I have uſed * We ſtars . 
the purpoſe of pointing it out. 

The ufefulneſs of this method is ſo ts that 1 mal his 
a little more particular in deſcribing its application. When a 
ſtar is thus pointed out, as for inſtance the 3ad in the firſt claſs, 
where it is ſaid, About 4 degree ſ. preceding the 44th Einen. | 
«in a line parallel to 8 Urſz majoris and the 39th Lyncis ;” we 
are to apply one eye to the finder, and placing the 44th Lyncis | 
into the center of the field, we are to look at 8:Urſz majoris 
and the 39th Lyncis in the heavens with the other eye by the 
Vol. LXXV. G ſide 
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'VI. Catalogue of Double Stars. 
By William Herſchel, E. F. R. 8. 


Read December 9, 1784. 


INTRODUCTORY REMARKS 


HE great uſe of Double Stars having been already pointed 

out in a former paper, on the Parallax of the Fixed Stars, 

and in a latter one, on the Motion of the Solar Syſtem, I have 

now drawn up a ſecond collection of 434 more, which I have 
found out fince the firſt was delivered. 

The happy opportunity of giving all my time to the ouefule 
of aſtronomy, which it has pleaſed the Royal Patron of this 
Society to furniſh me with, has put it in my power to make 
the preſent collection much more perfect than the former; 
almoſt every double ſtar in it having the diſtance and poſition 
of its two ſtars meaſured by proper micrometers; and the 
obſervations have been much oftener repeated. 

The method of claſſing them is in every reſpect the ** as 
that which has been uſed in the firſt collection; for which rea- 
{on I refer to the introductory remarks that have been given 
with that collection “ for an explanation of ſeveral particulars 
neceſſary to be previouſly known. The numbers of the ſtars 


| 
> 


e 


are here alſo continued, fo that the firſt claſs ending there at 


* See Philoſophical Tranſactions, vol. LXXII. p. 112. 


249 


227 IR Es. ©" 


Ac 
rc 


Mr. Hznsenzr.'s Catalogue of Donble Stars, 41 
24 begins here at 25, _ the fame is done with the other 
clafles. 

Moſt of the double urs in my firſt collection are among the 
number of thoſe ſtars which have their places determined' in 
Mr. FLAMSTEED's extenſive catalogue; but of this collection 
many are not contained in that author's work, I have therefore 
adopted a method of pointing them out, which it will be proper: 
to deſcribe. 

The finder of my reflector is limited, by a proper drags: 
to a natural field of two degrees of a great circle in diameter. 
The interſection of the croſs wires, in the center of it, points 
out one degree; and by the eye this degree, or the diſtance, 
from the center to the circumference, may be divided into , 
4, 2, +, and 3. Thus we are furniſhed with a meaſure which, 
though coarſe, 1s however ſufficiently accurate for the purpoſe 
here intended; and which, if more than two degrees are 
wanted, may be repeated at pleaſure. 

| In ſuch meaſures as theſe I have given the diſtance of a dou- 
ble ſtar, whoſe place I wanted to point out, from the neareſt 
ſtar in FLaMsTEED's Catalogue. And ſince, beſides the 
diſtance, it is alſo required to have its poſition with regard to 
the ſtar thus referred to, I have uſed the neighbouring ſtars for 
the purpoſe of pointing it out. 

The uſefulneſs of this method is ſo mana wag that I ſhall be 
a little more particular in deſcribing its application. When a 
ſtar is thus pointed out, as for inſtance the 32d in the firſt claſs, 
where it is ſaid, ** About ; degree ſ. preceding the 44th Lyncis, 
in a line parallel to 8 Urſz majoris and the 39th Lyncis;“ we 
are to apply one eye to the finder, and placing the 44th Lyncis 
into the center of the field, we are to look at 8 Urſæ majoris 
and the 39th Lyncis in the heavens with the other eye by the 

Vol. LXXV. G ſide 
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fide. of the finder. The naked eye then will immediately dire 


us, by means of the two ſtars juſt mentioned, towards the 


place where, in the finder, the armed eye will perceive the 
double ſtar i: i queſtion about 3 degree from the 44th Lyncis. I 


need hardly obſerve, that we muſt recc!le& the inverſion of the 
finder, as thoſe who are in the habit of ufing teleſcopes with 


high powers, always furniſhed with inverting finders, will of 
courſe look for the {mall ſtar in the upper part of the held, as 
in fig. 1. 

At the 45th ſtar, in the firſt claſs the deſcription 8 
„About 14 degree ſ. preceding a, towards : Aurigæ. This 


will begin to appear in the circumference as ſoon as n is about 
4 degree removed from the center, as in fig. 2. 


It will ſometimes happen, that other ſtars are very near 


thoſe which are thus pointed out, that might be miſtaken for 
them. In ſuch caſes an additional precaution has been uſed by 


mentioning ſome circumſtance either of magnitude or ſituation, 


to diſtinguiſn the intended ſtar from the reſt. After all, if any 


obſerver ſhould be ſtill at a loſs to find theſe ſtars without having 
their right aſcenſion and declination, he may furniſh himſelf 


with them by means of F L A MST EED's Atlas Cœleſtis; for my 
deſcription will be ſafficiently exact for him to make a pouit in 


the maps to denote the ſtar's place; then, by means of the gra- 


duated margin, he will have its & and dechnation to the time 


of the Atlas, which he may reduce to * other period * the 


uſual computations. 


only 


double ſtar will accordingly be found by placing Aurigæ firſt 
into the center of the finder; then, drawing the . teleſcope | 
towards , which the naked eye points out, the ſtar we look for 


PPP ⁰ Nuno 


Before I quit this fabject 1 maſt 8 that it will be fad * 
on trial, that this method of pointing out a double ſtar is not 
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of Double Stars. 43 
only equal, but indeed ſuperior, to having its right aſcenfiot1 
and declination given: for, ſince it is to be viewed with very 
high powers, not ſuch as fixed inſtruments are generally fur- 
niſhed with, the given right aſcenſion and declination would be 
of no ſervice. We might, indeed, find the itar by a fixed or 
equatorial inſtrument ; and, taking notice of its ſituation with 
regard to other neighbouring ſtars, find, and view it aſter- 
wards, by a more powerful teleſcope ; but this wilt nearly 
amount to the very fame way which here is purſued; with more 
deliberate accuracy than we are apt to ute, while we are em- 
ployed in ſeeking out an object to look at. 

It will be required, that the obſerver ſhould be furniſhed 
with Fl AMsrTEED's Atlas Cœleſtis, which muſt have the ftars 
marked from the author's catalogue, by a number eaſily added 
fo every ſtar with pen and ink, as I have done to mine. The 
catalogue ſhould alfo be numbered by an additional column, 
after that which contains the magnitudes. I hope in ome 
future editions of the Atlas to ſee this method adopted in print, 
as the advantage of it 1s very confiderable, both in referring to 
the catalogue for the place of a ſtar laid down in the Atlas, and 


m finding a ftar in the latter whoſe place is given 1n the 
former, pgs 


I would recommend a precaution to thoſe who with to exa- 
mine the clofeſt of my double ſtars. It relates to the adjuſt 
ment of the focus. Suppoſing the teleſcope and the obſerver 
long enough out in the open air to have acquired a ſettled tem- 
perature, and the night ſufficiently clear for the purpoſe ; let 
the focus of the inſtrument be re-adjuſted with the ' utmoſt 
delicacy upon a ſtar known to be fingle, of nearly the 
fame altitude, magnitude, and colour, as the ſtar which is to 
be examined, or upon one ſtar above and another below the 

G 2 ſame. 
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. Let the — of the adjuſting ſtar be well 
attended to; as, whether it be perfectly round and well de- 
fined, or affected with little appendages that frequently keep 
playing about the image of the ſtar, undergoing ſmall altera- 
tions while it paſſes through the field, at other times remain- 
ing fixed to it during the whole paſſage. Such deceptions may 
be detected by turning or unſcrewing the object-glaſs or ſpecu- 
lum a little in its cell, when thote appendages will be obſerved 
to revolve the ſame way. Being thus acquainted with the 
imperfections as well as perfections of the inſtrument, and 
going immediately from the adjuſting ſtar, which for that 
reaſon alſo ſhould be as near as may be, to the double ſtar which 
is to be examined, we may hope to be ſucceſsful. The aſtro- 
nomical Mr. AuBERT, who did me the honour to follow this 
method with 7 Leonis, which he did not find to be double 
when the teleſcope was adjuſted by y itſelf, ſoon perceived the 
{mall ſtar after he had adjuſted it upon Regulus. The inſtru- 
ment, being one of Mr. Dol. Loxp's beſt 34 feet achroma- 
tics, ſhewed Mr. AuBERT the two ſtars of y Leonis in very 
cloſe conjunction, or rather one partly hid behind the other. 
On comparing theſe appearances with my obſervations of that 
double ſtar, we muſt not be ſurpriſed to find that I place them 
at a viſible diſtance from each other: for the Newtonian re- 
flectors, on the plan of my 7- feet one, as I have found, will 
give a much ſmaller image of the ſtars than the 31 feet achro- 
matic refractors; wherefore the two ſtars, which in refractors 
as it were run into each other, will in the reflector remain 


ſeparate. For this reaſon alſo, thoſe who only uſe ſuch re- 
fractors muſt not be diſappointed if they cannot perceive the 


26th, 30, 31, 36, 41, 44, 46, 47) 60, 755 82, 86, and 87th 
ſtars of my firſt claſs to be double, 
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All the obſervations in the following catalogue on the rela- 
tive magnitude, colour, and poſition of the ſtars, are to be 
underſtood as having been made with a power of 460, unleſs 
they are marked otherwiſe. This will account for the dif- 
ference which obſervers may find in the relative magnitude; for 
ſhould they uſe only a power of .about 200, many of the 
ſmall ſtars that are faid to be very unequal and extremely une- 
qual, muſt appear to them perhaps a degree lower in the ſcale, 
and become extremely and exceſſively unequal : and this will 
happen, though the quantity of light ſhould be the very ſame 
which the reflector has that ſerved me to ſettle theſe particulars. 
I need not ſay, that on other accounts, ſuch as a real difference 
in the light of the teleſcope, the preſence of the moon, twi- 
lights, aurorz boreales, or other cauſes, many of the ſmall 
ſtars may be found to be of a different comparative luſtre from 
what is aſſigned to them in the catalogue. The ſmall ſtar near 
Rigel, for inſtauce, appears of a beautiful pale red colour, full, 
round, and well defined, with my 20-feet reflector; the 10-feet 
inſtrument ſhews it alſo very well in fine evenings; the ;-feet 
requires more attention, nor 1s the ſmall ſtar defined, but of a 
duſky pale red colour. A good 34 feet achromatic, of a large 
aperture, when Rigel is on the meridian, may, perhaps, alſo 
ſhew the ſmall ſtar, although I have not been able to ſee it 
with a very good inſtrument of that ſort, which ſhews the 
imall ſtar that accompanies the pole-ſtar ; but the evening was 
not very favourable. 

The meaſures of the diſtances were all taken with a parallel 
ſilk- worm's- thread micrometer, and a power of 227 only. 
They are not, as in the former catalogue, with the diameters 
included, but from the center of one ſtar to the center of the 

_ other. 
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other. I have adopted theſe meaſures on finding that I could 
ous threads fine enough to ſubtend only an angle of about 
1“ 13“, and that by this means there was no longer any 
great difficulty of judging when the ſtars were centrally co- 
vered by the threads. However, I do not know whether theſe 
meaſures, with ſtars at a confiderable diſtance, may not be 
liable to an additional error of perhaps one ſecond, owing to 
the remaining uncertainty in judging of their exact central 
poſition while the meaſure is taking. 
The poſitions have all been meafured (unlefs marked others 


wiſe) with a power of 460, adapted to an excellent microme- 


ter, executed by Meſſ. NAIRNE and BLunT, according to 
the model given in the Philoſophical Tranfactions, vol. LXXI. 


ment of making the wheel , d, of that figure perform its 
whole revolution; by which means the two filk-worms- 
threads may be adjuſted to a greater degree of exactneſs; for if 
they are not placed fo as perfectly to biſect the circle, the two 
threads will not coincide exactly after having performed one 
ſemi-revolution, which they muſt be made to do with the 
utmoſt rigour. I found the abſolute neceſſity of this precau- 


tion when I came critically to examine the poſitions of the 
Gcorgium Sidus, as they are given in table III. Phil. Tranſ. vol. 


LXXI. p. 497. The meaſures were affected with a ſmall and 
pretty regular error, which I was at a loſs to account for; and 
the diſtance of this ſtar being then totally unknown, I looked 
for the caufe of the deviation at firſt in a diurnal parallax of 
that heavenly body; but ſoon found it owing to the incon- 
venience before- mentioned, of not being able experimentally 
ro Schult the moveable thread to that critical nicety which I 

have 


page 500. fig. iv. ; but with a great and neceſſary improve- 
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have now introduced and uſed iu all the augles of the —_ 
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1 Orionis. F L. 32 Sub humero in conſequentia. 

Jan. 20. Double. Conſiderably unequal. L. fine w.; S. w. 
1782. inclining to pale roſe colour. The diſtance or black 

diviſion between the two ſtars with 276 is about 1 dia- 
meter of I.,; with 460, near 3 diameter of 1. Poſi- 
tion with 278, 52% 10“ f. preceding. 

26. „ Leonis. FL. 2. Anteriorem pedem dextrum præcedens. 
reb. 8. A very minute double ſtar. Conſiderably une qual. 
1782. Both r. With 227 there is not the leaſt ſuſpicion of 

its being double; with 460 it appears oblong, and, 
when perfectly diſtinct, we ſee 4 of the apparent dia- 
meter of a ſmall ſtar as it were emerged flom behind a 
larger ſtar ; with g 932 they are more clear of each other, 
but not ſeparated ; the. focus of every power adjuſted 
upon the 3d and 6th Leonis. November 6th, 1782, I 


*The diviſions on the moveable circular index (a) of this micrometer ſhould 
be read off by means of a line drawn on a ſmall plate faſtened to the fide , and 
projecting with a proper curvature againſt the plane of the diviſions towards r, fo 
as to be nearly in contacł; a coineidenee of lines being by far the beſt method of 
afcertaming the fituation of the index. A nonius of four ſub- diviſions may alſo 
be uſed, whereby the 60 diviſions, already divided into halves upon the index- 
plate, will be had in eighths, each of which, on the conſtruction of my preſent 
one, will be equal to three minutes of a degree of the circle, 
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I. firſt ſuſpected a ſeparation ; and November 13th, fairly 
ſaw a diviſion between them. April 4, 1783, with an 
improved reflector of 20 feet 3 inches focal length and 
12 inches nn I faw them evidently divided. Poſi- 
tion 20* 54' 1. following . 

27. FL. go Leonis. Infra eductionem caudz. 
reb. 9. Treble. The two neareſt—very unequal. L. w.; 
1782. S. rw. With 278, 11 diameter of L; with 460, 14 

diameter of L. Poſition with 278, 61 9 f. preceding. 
The two nee unequal. S. duſky r. Diſ- 
tance from L. 53“ 43”. Poſition 3512“ f. 

28. „ Leonis. FL 41. In collo lucida. 
reb. 11. A beautiful double ſtar. Pretty unequal. L. w.; 
1782. S. w. inclining a little to pale red. With 227 and 278 

diſtinctly ſeparated ; with 460, + diameter of S.; with 
625, 4 diameter; with 932, full 4 diameter, or when 


1 ſuſpect theſe ſtars to recede from each other. It is, however, very 
poſſible, that the opening which I obſerved between them, at the latter end 
of the year 1782 and beginning of 1783, may be owing to very favoura- 
ble weather, or to my being better acquainted with the object. Could we 
 Increafe our power and diſtinctneſs at pleaſure, we might undoubtedly ſeparate 
any two ſtars that are not abſolutely in a dire& line paſſing through the eye of the 
abſerver, and the centers of both the ſtars. This will appear when we conſider 
that perhaps 59 thirds out of one ſecond, which the diameter of the ſtar may 


ſubtend, are ſpurious ; ſo that a double ſtar ſeemingly in contact, or even partly 
hiding each other in appearance, may ſtill be far enough aſunder to admit of a fair 
and confiderable ſeparation by applying an adequate magnifying power. It would 
have been curious, if a confiderable difference in the colours could have led us to 
diſcover which of the two ſtars is before the other! But the far greateſt part of 
their apparent diameters being, as we have obſerved, ſpurious, it is probable, that 
a different coloured light of two ſtars would join together, where the rays of one 
extend into thoſe of the other; and ſo, producing a third colour by the mixture 
of it, ſtill leave the queſtion undecided, 5 
beſt 


beſt 4 diameter of S.; with 1504, 2 diameter, well- 
defied, and the difference of colours {till viſible; with 
2176, not quite a diameter of 8, pretty well defined, 
but exceedingly tremulous; with 2589, leſs than 1 
diameter; with 3168, till pretty diſtinct, and about 
2 diameter of S: with 4294, more than a diameter of 
8, but attended with the utmoſt difficulty of managing 
the motions; with 5489, the interval ſtill ſomewhat 
larger, and if the object could be kept in the center of the 
field, the eye might adapt itſelf to the focus, and 
get the better of the violent aberration; but the edges 
of the glaſs being of a different focus, the eye is con- 
ſtantly diſappointed in its endeavours to define the ob- 
ject; with 6652, I had but a fingle glimpſe of the ſtar 
quite disfigured ; however, I aſcribe it chiefly to the 
foulneſs of the glaſs, which, on account of its ſmall- 
neſs, is extremely difficult to be cleaned ; with a lo- feet 
reflector, 9 inches aperture, power 626, above J dia- 
meter of S. very diſtinct; with a 20-feet reflector, 
power 350, too bright an object to be quite diſtinct, 
though ſee it very well. Poſition 5 24 n. following. 
A third ſtar preceding. Diſt. 1'51”23””, pretty accurate 
for ſo great a diſtance. Poſition 31 o' n. preceding. A 
fourth ſtar preceding the third, and ſomewhat ſmaller, 

9. Parvula juxta Fr. 44 Leoms, 

eb. 1. Double. About 4“ following the 44th Leonis, which 
1782. being double in the finder, this is the leaſt of the two. 
Extremely unequal. L. w. S. d. With 227, 1 dia- 
meter of L.; with 460, 2 diameters of L. N 


| 26* 32' n. following. | 
Vor. LXXV. H 30. Secunda 
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I. 30. Secunda ad Cancri. Fr. 57. | 
March g. Double. Pretty - unequal. Both pr. With 229, 
1782. about 4 diameter; with 278, 43 diameter; with 460, 
about ; diameter or leſs. Poſition 68* 12” n. preceding. 
A beautiful minute object. 
31. Inter FL. 41 et 39˙ Lyncis. 
March 5. Double. Near 14 degree n. preceding the 41ſt Lyn- 
1182, cis; towards u Urſæ majoris. A little unequal. Both 
W. With 460, + or at moſt © diameter, Poſition * 
21“ ſ. preceding. 
32. FL. 44 Lyncis auſtralior et præcedens. 
April 3. Double. About 3 degree 1. preceding the 44th Lyn- 
1782. CIS; in a line parallel to 8 Urſe majoris and the 3th 
Lyncis. Very unequal. L. r.; S. bluiſh r. With 
227, 1 diameter of L. or 14 when beſt; with 460, 13 
diameter, or when beſt, near 2 diameters of L. The 
diameters are ſo ſmall that the length of the time, and 
attention of looking, makes a conſiderable difference in | 
the eſtimation of the diſtance. Poſition 8 27 1. pre- 7? 
ceding. 
33. £ Libre. FL. 51. Primam chelam Scorpii attingens. 
May 12. Treble. Without great attention, and a conſiderable 
1782. power, it may be miſtaken for a double ſtar; but the 
largeſt of them conſiſts of two. Very little unequal. 
Both w. With 460, + or at moſt + diameter aſunder; 
with 932, full + diameter of L. or near J diameter of 
S. Poſition, wh 278, 82 2 n. following. For 
meaſures of the third ſtar ſee the 2oth of the ſecond 
claſs. 
34. FL. 55, Caſſiopeiæ. Ptolemæi. In pedis extremitate. 
Treble 
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[. Treble. The two neareſt very unequal. L. w.; 8. 
June xx, colour of pale red blotting paper. With 278, + diame- 
1582. ter of S. Poſition with 227, 20 300 n. preceding. For 
meaſures of the third ſtar fee the fourth in the third 
claſs. 5 I 
35. Fr. 38. Serpentarii. Dextrum infa pedem. 
June 11, Double. Very unequal. L. w.; S. d. With 460, 
1782. 11 diameter of L. As the ſituation is too low for 460, 
I tried 227, but it only ſhewed the ſtar wedge- formed. 
Poſition 60? 48“ n. preceding. 
36. 7 Herculis. FL. 40. In dextro latere. 
July 18, A, fine double ſtar. Very 8 L. w.; 8. aſh- 
1782. colour. With 460, leſs than 5 diameter of S.; with 
932, 1 full diameter of S. . Poſition with 811, 
20ů 42“ n. following. e 
37. (FL. 115.) Herculis borealior et N 
july 22, Double. About + degree n. following $; in a line 
1782. parallel to the 35th and 42d Herculis; the moſt ſouth 
of two very ſmall teleſcopic ſtars. . Conſiderably une- 
qual. Both reddiſh. With 227, they can but juſt be 
ſeen as two ſtars; with 460, near 1 diameter; with 
932, not leſs than 11 diameter of L. Pofition 59? 48' 
{. following. 


' * The interval l very unequal ſtars, eſtimated in 8 generally 
8 Nins more by an increaſe of magnifying power than the apparent diſtance of thoſe 
Which are nearer of a fize. Inſtances of the former may be found in the firſt 
0 claſs, the 1ſt, 7, 29, 35, 37, 39, 53, 59, 63, 64, 72d ſtars; of the latter, the 
| 10th, 28, 33, 45, 46, 73 $1 ſtars. However, this only ſeems to take place 
. when there is a difficulty of ſeeing the object well with a low power, which being 
| removed by magnifying more, the diſtance is, as it were, laid Open to the view. 


H 2 = ale Pr. 


52 M.. Henscusr.”s Catalogue 
I. 38. Fr. 180 Perſei præcedens ad boream. In eapite. 
Aug. 20, Double. About ? degree n. preceding the 18th; in 
1782. a line parallel to & and v Perſei; of two ſtars. that 
next to the 18th. A little unequal. Both pr. With 
278, a moſt minute and beautiful object; with 460, 
2 diameter of either. Poſition with 14 * 42 n. 
preceding. 
39. 6 (FL. 11”): Caſſiopeiæ oraqhdens * n 
Aug. 25, Double. About + degree 1. preceding g; in a Lins 
1582, parallel toy and « Caſſiopeiæ; the following and largeſt 
of two very . conſiderable ſtars, Very unequal. L. 
pr.; S. r. With 278, 1 diameter of Sy; with 460, 
4, or when beſt, 3 diameter of S. . — 42' n. 
preceding. 
40. FL. 2 5 Caſſiopeiæ — ad e 3 
Aug. 28, Double. About + degree n. preceding the _2*thr; 
1782. towards & Caſſiopeiæ; the firſt teleſcopic ftar in that 
direction. Very unequal... Both r. With 460, 2 dia- 
meter of S.; difficult to be ſeen. Poſition * 300 f. 
following. | TEL 
41. FL. 314 Draconis borealior. 
Aug. 29, A very minute double ſtar. About 3 n. of thei 
1782. 31ſt; in a line parallel to y and F Draconis; the moſt 
ſouth and preceding of two. Conſiderably unequal. 
Both pr. or r. With 227, they appear only as | 
lengthened or diſtorted ſtar ; with 460, 4 diameter off 
S.; or in very fine nights. + diameter of S.; with 2 
new e and 500, near 1 diameter when beſt; 
with 932, 1 diameter. Poſition 84 21“ n. preceding. 


Requires every favourable circumſtance to be ſcen 
double. 


2 
2 
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I. 42. 0 Serpantis. FL. 13. In primo flexu colli. 
Sept. 3, A beautiful double ftar. Confiderably unequal. L. 
2782. W. ; 8. greyiſh. - With 227, + diameter of S.; with 
278, not quite 4 diameter of S.; with 460, near 1 
diameter of S.; with 932, near 1 diameter of S.; 
with 1504, above 1 diameter of S. Poſition 42 48/ 4 
preceding, 
43. Ad Fl. 48˙ Draconis. 
Sept. 3, A very minute double mur. The moſt north of 
1782. three, forming an arch; or that which is towards o 
Draconis. Conſiderably unequal. Both pale pink. In 
fine nights, with 460, it has the ſhape of a wedge ; 
with 932, a fine black diviſion juſt viſible; in a very 
clear dark night a diviſion may be ſeen with 500, and 
with 932, it will be about + diameter. Poſition with 
500, 889 24 n. preceding. | 
44. FL. 4. Aquarii. Supra veſtimentum manus ſiniſtræ. 
Sept. 3, A minute double ſtar. Very unequal. Both pr. 
1782, With 460, almoſt in contact, or at moſt 7 diameter 
of S. Poſition 81* 3o' n. preceding. A third {tar of 
the fixth claſs m view, n. preceding. 
45. Aurigæ (FL. 11") præcedens ad auſtrum. 
Sept. 5, Double. About 14 degree ſ. preceding u, towards 
1782, « Aurige; a pretty conſiderable ſtar in a minute tele- 
ſcopic conſtellation. A little unequal. Both Fr: Or r. 
With 227, + diameter of S.; with 278, near 4 dia- 
meter of S.; with 460, about 5 diameter, or near 4 
diameter of S. Poſition 47* 33; f. preceding, 
46. „(FL. 19"). Aquarii ſequens ad boream. 
Sept. 7. Treble. About 11 degree n. following, in a line 
1782, parallel to g and a Aquaru ; the middle of three that 
are 
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J. are in the ſame direction. The two neareſt very une; 
' * qual. L. rw.; S. pr. With 460, about 1 diameter 
of L. or more. Poſition 62 27 n. preceding. The two 
fartheſt very unequal. S. pr. Diſtance with 227, 
1' 22 42/”, Poſition 35 51“ n. following, 
47. FL. 29% Capricornt.przcedens ad boream. 
Sept. 27, A minute double ſtar. About 4 degree n. preceding 
1782. the 29th, in a line parallel to y and « Capricorni. A 
little unequal. Appears diſtorted with 227 and 278; 
nor will 460 ſhew it ſeparated; with 657, two ſtars 
viſible; 932 confirms it. Difficult to be ſeen diſtinctly 
on account of its low ſituation, Poſition 84 48' n. 
preceding. 20· feet reflector, 200. Both wW. 
18. FI.. 6˙ Cephei præcedens. In dextro brachio. 
Sept. 27, Avery minute and beautiful double ſtar. Near 3 de- 
1782. gree preceding the 6th towards 3 Cephei; a pretty 
conſiderable teleſcopic ſtar. A little unequal. Both pr. 
Almoſt in contact with 460; with 625, better divided; 
with 657 ſtill better. Poſition 14 97 ſ. preceding. 
49. N Cephei (FL. 22 ſequens ad boream. 


Sept. 2) Double. About 14 degree n. following a, in a line 


1782. from 7 through a Cephei continued. Extremely une- 


qual. Both dw. Cannot. be ſeen with 278, except 


with long attention; with 460, 14 diameter of L. 
Poſition 85? 48” n. following; be a little inac- 
curate. 
50. X Aquarii (FL. 73%") ens 
Sept. zo, Double. About 24 degrees preceding, and a little 
1782. ſouth of x Aquaru; a conſiderable ſtar. Very unequal. 
L. w.; S. dw. With 278, leſs than 1 diameter of 
L; with 460, 11 diameter of IL. Poſition with 227, 
6 410 


, of Double Starr. 55 
41 12 n. preceding. The meafure inaccurate on 
account of the low power, and probably 3 or 4 too 


ſmall. 

51. Quæ ſequitur (FL. 32H) Cephei. 

Sept. 30, Double. About 24 degrees n. following :, eats. 
1732. 7 Cephei; a conſiderable ſtar. A little unequal. Both 

pr. A pretty object with 227; with 460, 14 diameter 
nearly. Poſition 3. 36“ ſ. preceding. 

52. Parvula FL. 25'* Orionis adjecta. 
oa. 2, Double. A few. minutes n. following the 25th. 
1782. Orionis, in a line parallel to h Eridani and « Orionis. 

Very unequal. L. aſh w.; S. dw. With 460, 1 dia- 
meter of L. Poſition 52 48 n. preceding. 

53. Parvula FL. 30 Orionis — | 
ot. 2, Double. About 10“ preceding the sch, in a line 
1782. parallel to x and 7 Orionis. Very unequal. L. w.; 

S. d.; with 460, 1 diameter of L. Fenn 43˙ 24 n. 
following. 

54. 7 (FL. 20%) Orionis W In malleolo ſiniſtri cruris. 
oc. 4, Double. Near + degree preceding v, in a line from 
1782, through. Orionis continued. Very unequal. L. r.; 

S. dr. With 227, about 1 diameter of L.; with 460, 
about 2 diameters of L. Poſition 35 42 n. preceding; 
a little inaccurate. 

55. FI. 8 Tauri præcedens ad boream. 

Od. 9. Double. About 15 degree n. cn the Sth. 
1782. Tauri, or near 2 degrees 1. following the 65th Arietis, 
in a line parallel to the Pleiades and « Tauri; a ſmall. 
teleſcopic ſtar not eaſily found. A little unequal. 
L. r.; S. d. With 227, leſs than 1. diameter of S.; 

| | with 


I. 


$ Mr. Henscner.'s Pon 


with 460, near two diameters. Poſition oP 47 £ 
following. 
56. FL. 54" Ceti ſequens ad auſtrum. 
Oct. 12, Double. About +5 degree ſ. deg the 54th, 
1782, towards d Ceti. Nearly equal. Both r. With 227, 
about 1 diameter; with 460, about 14 diameter. Po- 
ſition 87* 39“ n. following. 
57. FL. 70˙ et 67 Orionis preiens. 
Od. 12, Multiple. In a ſpot which appears nebulous in the 
1782. finder, and is about 50' from the 67th, and 45 from 
the 7oth Orionis. More than 12 ſtars in view with 
460; among them is a double ſtar. The largeſt of the 
baſe of an ifoſceles triangle, n. preceded by four ſtars in 
a line. Conſiderably unequal. With 460, 1 full dia- 
meter of L. Poſition 19 48” 1. following. 
58. J Lyræ (FL. 12%) ſequens. Inter eductionem cornuum. 
Oct. 24, Double. About 4 degree following the 12th, in a 
1782. line continued from the 11 through the 12th Lyræ; 
the laſt of a ſmall teleſcopic triangle. Extremely une- 
qual. L. r.; S. d. Not eafily ſeen with 71 ; with 
460, near 2 diameters of L. * I F on. pre» 
ceding. 1h 
59. Ab : (FL. 18*) Lyræ 5 1 5 
Oct. 24, Double. The moſt ſouth of two very ſmall tele- 
1782. ſcopic ſtars, which are the ſecond pair ſituated in a line 
from towards 2 Lyræ. A little unequal. Both d.; 
the fainteſt object that can be imagined. With 460, 
about 1 diameter. Poſition 75 o“ 1. preceding; the 
meafure is liable to ſome error from the obſcurity. 


60. E teleſcopicis y et x Lyræ auſtralioribus et ſequentibus. 
Double 


5b 
I. 
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oa. 24, Double. About 3 degree ſ. following a, in a line 
1782, parallel to « and Lyræ; a very ſmall teleſcopic ſtar. 
Extremely unequal. Both dr. With 227, 1 full dia- 
meter of L; with 460, near 2 diameters of L. Poſi- 
tion 1648“ n. preceding. 
61. Præiens FL. 1* Equulei. 
Od. 26, A minute double ſtar. About 2 degree n. preceding 
1782. the iſt Equulei, in a line parallel to & Equulei and 
y Aquilæ; a large ſtar. Very unequal. Both pr. 
With 460, 1 diameter of S. Poſition 18 24“ n. pre- 
ceding. A pretty object, but requires fine weather. 
62. Sequitur FL. 2 Equulei. 
Oct. 29, Double. About 5 degree . ein the 2d Equulei, 
1782. in a line parallel to 3 Delphini and à Equulei. Conſi- 
derably unequal. Both r. With 460, 14 or 14 dia- 
meter of S. Poſition 35? 9 ſ. preceding. 
63. y Equulei (F L. 55) auſtralior. 
Od. 29, Double. Full 1 degree ſ. of , in a line from the 
1782. 5th through the 6th Equulei continued. Equal. Both 
dr. With. 227, about 4 diameter ſcarce vifible; with 
460, about 4 diameter. Poſition 5 57 f. preceding. 
64. 2 Arietis. FL. 42. In poplite. 
Od. 2g, Treble. Exceſſively unequal. Ls w; 8. both mere 
1782. points. With 227, neither of the ſmall ſtars can be 
| ſeen, except with conſiderable and long continued atten- 
tion, when, they alſo appear; the neareſt with this 
power is 3. or + diameter of L.; with 460, 14 or 14 
diameter of L. The third is about 25“ ar 26” diſtant 
from L, by exact eſtimatiou. Poſition of both, being 
all three in a line 19 19“ f. following; as exact as the 
obſcurity will permit. 


Vol. LXXV. I 65. 
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I. 65. In Nubecula p Sagittz adjecta et ſequenti. 

Double. + degree n. following {3 Sagittæ, towards 
2gth Vulpeculæ; the largeſt and moſt ſouth of a cluſter 
of ſmall ſtars that appear cloudy in the finder. Very 
unequal. L. rw.; S. pr. With 227, full r diameter 
of L.; with 460, about 13 or 2 diameters of L. Po- 
ſition 14 o' n. preceding. Athird ſtar in view, of the 
5th or 6th claſs. 

66. (Fr. 235) Draconis auſtralior et pracedens. 
Nov. 4, Double. About 14 degree f. preceding , in a line 
1782, from continued through 3 Draconis. Pretty une- 
qual. Both pr. With 460, 14 or 13 diameter of L. 
Poſition a* 24' 1. preceding, | | 
. Nebulam Aurigæ pedem dextrum ſequentem, præcedens. 
Nov. 4, Double. About 55“ from the 37th Nebula of M. 
1782. MEssIER ; the largeſt and moſt preceding of two ſtars. 
Very unequal. Both pr. With 460, near 2 diameters 
of L. Poſition 23* 57' n. following. 
68. Parvula Fl. 10* Orionis quam proximè adjecta. 
Nov. 5, Double. The ſmall ſtar not many minutes from the 
1782. 10th Orionis. A little unequal. Both whitiſh. With 
460, near 1 diameter. Poſition 84 54' ſ. following; 
a little inaccurate on account of the 3 of ſeeing 


the ſtars well. 
69. In Lyncis pectore. 
Nov. 13, Double. About 3 degrees ſ. preceding the 1 a 
1782. Lyncis, in a line drawn from the 19th Lyncis to 2 Au- 
rige; the 24th and 19th Lyncis alſo point to it nearly: 
in a very clear evening it may juſt be ſeen with the 


naked eye, A little unequal, Both rw, With 227, 
3 dia- 


Nav. 4, 
1782. 
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J. 2 diameter; with 460, 1 f or near 14 diameter. Poſi- 
tion 77 of 1. following. 6 
70. 7 (FL. 1235) Tauri borealior et præcedens. | 
Nov. 13, A very pretty double ſtar. Near 1 degree n. pre- 
1782. ceding & Tauri towards Capella; the corner of a rhom- 
boid made up of &, this, and two more, and oppoſite 
to &. Confiderably unequal. L. pr.; S. a little deeper 
r. With 227, almoſt 1 diameter of L.; with 460, 
12 diameter of L. Poſition 36* 24' f. preceding. 
7b. FL. 44˙ Urſæ majoris præcedens ad auſtrum. 
Nov. 19, Double. Nearly in the interſection of a line from 
1782. O Urſz majoris to the 39th Lyncis, crofled by one from 
to v Urſæ majoris; the laſt line ſhould bend a little 
towards þ Urſæ majoris. A little unequal. Both 
whitiſh. With 460, near 2 diameters of S. Poſition 
2* 60 n. following. | 
72. FL. 65. Urſæ majoris. 
Nov. 20, Double. Exceſſively unequal. L. pr.; S. a point. 
1782. Not viſible with 227, nor hardly to be ſuſpected unleſs 
it has been firſt ſeen with a higher power; with 460, 
1: diameter of L. or, when long viewed, full 2 dia- 
meters of L. Poſition 53* 45 n. following. A third 
ſtar in view. Equal to L. Colour rw. Diſtance 
1'o” 4”. Poſition 22 21 1. following. 
73. B (FL. 65) Arietis borealior et præcedens. 
Nov. 22, Double. About 13 degree n. preceding g Arietis, 
1782, towards G Andromedz ; a conſiderable ſtar. Very une- 
qual. L. r.; S. deeper r. With 227, about 4 dia- 
meter of L.; with 460, full 15 or almoſt 14 diameter 
of L. when beſt. Poſition 77* 24' f. following. 
3 74. 
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I. 74. FL. 39* Arietis borealior et præcedens. 
Dec.22, Double. About ; degree n. preceding 39 Arietis, 
1782. towards y Trianguli; a pretty large teleſcopic ſtar. A 
little unequal. Both pr. With 227, near t diameter 
of L.; with 460, about 14 diameter of L. Poſition 
20? 36” n. preceding. 
75. FL. 26** Orionis præcedens ad auſtrum. 
Jan. 9, Double. About 4 degree 1. preceding the 26th, in 
1783. a line parallel to q and N Orionis; the fartheft of two; 
or 3 degree ſ. preceding the zoth in the ſame direction. 
Nearly equal. Both w. or rw. With 460, perhaps a 
diameter. Poſition 89 36' n. preceding; but not very 
accurate. 
76. In pectore Lyncis. 
Ian. 23. Double. Not eaſy to be found. A line from the 19th. 
1783. Lyncis to v Geniinorum crofled by one from 8 Urſz 
majoris to e Aurige, points out a ſtar but juſt vitible in 
a fine evening; it is perhaps about three degrees from 
the 19th Lyncis; when that ſtar is found, we have the 
double ſtar about 1 degree n. following the ſame, in. a 
line parallel to + Geminorum and the 19th Lyncis. 
Conſiderably unequal. Both aſh w. With 460, 4 
diameter of S. Potition o of preceding. A third 
large ſtar in view. Diftance 1' 7” 46”. Poſition 
3* 42 f. preceding. 
77. & (FL. 75) Crateris borealior. 
Jan. i, Double. Near 23 degrees north of « Crateris; a 
1783. ſmall teleſcopic ſtar, about 4 degree following the 
moſt north of two large ones. Pretty unequal.. Both 
whittſh. With 227, leſs than half diameter of S.; 
with 
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with 460, near 1 diameter; with 625, a little more 

than 1 diameter. Poſition 82 247 n. following. 

78. Fr. 115 Libræ borealior. 

Jan, 31, Double. Near 24 degrees north of the 11th Libræ, 

1783. in a line parallel to -y Virginis and the togth of the 

fame conſtellation. Equal. Both inclining to r. With 

460, full 1 diameter. Poſition 58* 24“ n. preceding, 

or 1. following. 

79. FL. 46 Herculis. In dextro latere. 

Feb. ), Double. Extremely or almoſt exceſſively unequal. 

1783. L. w. 4 8. d. With 227, it 18 hardly viſible ; with 

460, near 1 diameter of L. Poſition 66* 36” ſ. fol- 

lowing. 

80. FL. 81 Virgins. 

Feb.), Double. Equal. Both pr. With 227, near J dia- 

1783. meter; with 460, + diameter. Poſition 41 12“ n. fol- 

lowing or ſ. preceding. 

81. * Serpentis (FL. 44*”) præcedens ad auſtrum. 

Mar. 7, Double. About 14 degree ſ. preceding 7, towards 

1783, *; the moft north of two. A little unequal. Both 

r. With 46e, 11 diameter of L. Poſition 49* 48“ f. 

preceding. A third large ſtar in view; paler than the 

other two. Diſtance from the two taken as one ſtar 

56“ 28”. Pofition, with L. of the two, 31“ 48 1. 

preceding. 5 

82. Fr. 49 Serpentis. 

Mar. , Double. The moft north and following of two 

1783, ſtars. A little unequal. Both pr. With 227, 4 or 4 

diameter, and a very minute and beautiful object; 

with 460, 3 diameter. Poſition 21* 33“ n. preceding. 
3 | 83. 
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| 8 8 3. a Ophiuchi. FL. 10. In ancone ſiniſtri brachii. 
Mar. 9, A very beautiful and cloſe double ſtar. L. w.; 8. 
1783, blue; both fine colours. Conſiderably or almoſt very 
unequal. With 460, 4 or + diameter of S.; with 
932, full + diameter of S. Poſition 14* 300 n. fol- 
lowing. 
84. FL. 50. Aurige auſtralior. 
Mar. 18, Double. Near 1 degree ſ. of the 5oth Mane, in 
1783. a line parallel to g and 90. Very unequal. L. r.; 
S. dr. With 227, about ; diameter of L.; with 
460, almoſt, 14 diameter of L. Poſition 14 o' n. 
following. 
85. FL. 36** Lyncis "EN ad auſtrum. 
Mar. 24, Double. Near 4 degree 1. following the 36th Lyn- 
1783. cis, in a line parallel to the. 31ſt Lyncis and » Urſæ 
majoris; of two the neareſt to the 31ſt Lyncis. Con- 
ſiderably unequal. Both w. With 227, 1 diameter of 
L.; or when long kept in view, 14 diameter of L.; 
with 460, and after long looking, 2 diameters of L; 
otherwiſe not near ſo much. Poſition 88 5 n. fol- 
lowing. 


86. FL. 105* Herculis borealior. 


Mar. 27, Double. One full degree n. of the 105th Herculis, 
1783. in a line from the 72d Serpentarii continued through the 
10 5th Herculis; a ſmall teleſcopic ſtar. Conſiderably 
unequal. Both dr. With 460, a little more than 1 
diameter of L. Poſition 79 24“ n. preceding. 
87. 7 Ophiuchi. FL. 73. 
April a3, A very minute double ſtar. Conſiderably unequal. L. r. 
1783, 8. r. With 227, not to be ſuſpected unleſs known to 
be double, but may be feen wedge-formed, and with 


6 long 
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long attention 1 have alſo perceived a moſt minute divi- 
ſion; with 460, about Z or £ diameter of S. Poſition 
29 48' f. preceding. 
88. r Ophiuchi. FL. 69. In dextra manu ſequens. 
April 28, The cloſeſt of all my double ſtars; can only be ſuf. 
1783, pected with 460; but 932 confirms it to be a double 
ſtar. Pretty unequal. Both pr. or wr. It is wedge- 
formed with 460; with 932, one-half of the ſmall 
| ſtar, if not three-quarters ſeem to be behind the large 
ſtar. Poſition orf the wedge 61* 36“ n. preceding. 
» Ophiuchi, juſt by, is perfectly free from this wedge-- 
formed appearance. 
hs Hlas ad FL. 56** Andromedz præcedens ad boream. 
July 28, Double. About 2 degree preceding, and a little north 
m 3. of the two ſtars that are about the place of the 56th An- 
dromedz, in a line towards ; a conſiderable ſtar; and of 
two in a line parallel to g and Frianguli that which 
is neareſt to the 56th Andromedæ. Pretty unequal. 
L. drw.; S. dpr. With 227, near 1 diameter of L.; 
with 460, about 14 diameter of L. Poſition 775 30 
| {. following. 
90. H Aquaru (FL. 22) præcedens ad auſtrum. 
July 31, Double. About 44 degrees from g towards Aquarii. 
1733, A little unequal. Both dw. or pr. With 460, 1+ 
diameter or near 2. Poſition 77 36“ ſ. following. 


91. 5 Aquilæ (Fr. 50 præcedens ad boream. 

Aug. 7, Double. About + degree n. preceding , in a line 
1783, parallel to y and 7 Aquilz;. of two that neareſt to . 
Very unequal. L. dpr.; S. d. With 227, hardly 


viſible, and like a ſtar not in focus; with 460, appears 
-nebulous. 
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I. nebulous on one fide, but is a double ſtar; with 932, 
about 145 diameter of L. Poſition 8* 187 n. preceding. 
92. 1 Aquile. FL. 52. Duarum in ſiniſtro humero ſequens. 
Aug. 27, A minute pretty double ſtar. A little unequal. 
1783, Both pr. With 460, 4 diameter of L. or near 4 dia- 
meter of S. Poſition 34 24' 1. following. 
93. FL. 62** Aquilz præcedens ad boream. 
Sept, 12, A minute double ſtar. About 45 degree n. preceding 
1783, the 62d, in a line parallel to d and g Aquitee ; ; a pretty 
conſiderable ſtar. Very unequal. Both inclining to pr. 
With 278, almoſt in contact; with 460, near +5 dia- 
meter of S.; when in the meridian, ad, the air fine, 
near 1 diameter of IL. Poſition 19* 9“ n. preceding. 
94. 5 Cygni. FL. 18. In ancone ale dextræ. 
Sept. 20, Double. Very unequal. L. fine w.; S. aſn colour 
1783. inclining to r. With 278, about 1 diameter of L.; 
with 460, 5 diameter of L.; with 932, full 14 dia- 
meter of L. in hazy weather, which has taken off the 
rays of L. and and thereby increaſed the interval. 
Poſition 18* 21” n. following; perhaps a little inac- 
curate. 
95. FL. 33 Cygai ſequens ad auſtrum. 
Sept. 22, Double, Full 14 degree ſ. following the 33d, 
1783, towards Z Cygni ; a pretty conſiderable ſtar. Very une- 
qual. L. w.; S. inclining to r. With 460, at firſt 
about 2 diameter of L.; but, after looking a conſidera» 
ble time, and in a fine air, near 15 diameter. Poſition 
72150 n. preceding. 
4 1 „G L. 21 Cygni fequens ad auſtrum. | 
2 Sept. 23, Freble. Full 13 degree n. following » in a linc 
nl 1783. Parallel to g and a Cygni. The two neareſt confiderably 
if B's 5 unequal, 
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I unequal. Both pr. With 460, 1 diameter of S. or 3 
diameter of L. Poſition 89* 18” ſ. following. The 
two fartheſt conſiderably unequal ; the colour r. Diſt. 
- - + + . Poſition 563“ n. preceding. 
97. FL. 51** Cygni ſequens. 
Sept. 24, A minute double ſtar. About 24 degrees following 
1783. the 5 1ſt, in a line parallel to 3 and « Cygni; the largeſt 
and moſt ſouth of an obtuſe-angled triangle; a very 
conſiderable ſtar. Pretty unequal. Both rw. x but 8. 
a little darker r. With 278, 1 diameter of S. and 
beautiful; with 460, 2 A of S. Poſition 46 
24 u. following. 


* 


SECOND CLASS OF DOUBLE STARS. 


E. 39. Procyonem juxta. 

Feb. 22 Double. About 2 degrees ſ. 1 Procyon, in 
1782, 2 line from a Geminorum continued through Procyon. 
Exceffively unequal. L. pr.; S. not viſible with 278; 
with 460, more than 3 diameters of L. Poſition, by 
the affiſtance of a wall * and micrometer 54* 28' f. 
following. 


40. 


* When the ſmall ſtar is fo faint as not to bear the leaſt illumination of the 
wires, its pofition may ſtill be meaſured by the aſſiſtance of ſome wall or other object: 
for an eye which has been ſome time in the dark, can ſee a wall in a ſtar-ght 


evening ſufficiently well to note the projection of the ſtars upon it, in the manner 
TO LEY - -- > __ _ whick 
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II. 40. * Secunda ad © Cancri. FL. 23. 4 
Feb. 2, Double. A little unequal. Both rw. With 227 7s 
1782. near 2 diameters] with 460, 24 diameters of L. Po- 

ſition 56 42“ n. following. 141 

41. * Prima ad v Cancri. FL. 24. \ T1 
Feb. 2, Double. Conſiderably unequal. Both pr. With 
1782. 227, 11 diameter of Ly; with 460, 4 mim of L. 

Poſition 325 9 n. following. 
2. E teleſcopicis & Virginis precedentibus . 

Feb. 6, Double. About 1 degree ſ. preceding & Virginis, 

1782. in a line parallel to 7 and 6; the moſt ſouth of three 
forming an arch. Extremely unequal. L. w.; S. 
hardly viſible with 227 (but with a ten- feet reflector 
S. b.); with 460, above 2 diameters of L. Poſition 
VV 

43. FL. 43 Leonis præcedens ad auſtrum. In Jenzro genu. 
Feb. 17, Double. Near 4 degree 1. preceding the 43d, in a 
1782. line parallel to « and the 14th Leonis. Very unequal, 

L. W.; 8. d. Wah 1575 near 24 diametery of . 

5 when beſt. Poſition 85 20 n. following. 

14 44+ 4 Virginis. FL. 84. Verſus finem alæ dextræ. 5 

It 4 Feb. 17, Double. Extremely unequal, L., vy. * to! r.; 

15 1782. S. d. Requires attention to be ſeen with 227; with 

460, 24 diameters of L. Poſition, with 785 29 7 
ſ. preceding. 
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| [1 5 which has been deſeribed with the lamp - micrometer, Phil. Tranſ. vol. LXXII. p. 
ic, 95 169 and 170. Then, introducing ſome light, and adapting the fixed wire to 
ö fa the obſerved direction of the ſtars on the wall, the moveable wire may be ſet to 
(4 the parallel of the large ſtar, which will give the angle of poſition pretty 
LF accurately, | | 
: . 1 See note to IV, 51. 2 
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II. 45. Fr. 4 Mie r . 
April 2, Double. A little A} Both w. With 227. 
1982. 1 or near 14 diameter. Poſition 57* O“ n. following. 
46. FL. * Comæ Berenices ſequens ad auſtrum. 
April 15, Double. About 14 degree from the 42d Comæ 
1782. towards v Bootis; the moſt ſouth of a teleſcopic equi- 
lateral triangle. Exceſſively unequal; L. ÞF4; S. d. 
With 278, 21 diameters of L.; not ſo well to be ſeen 
with higher powers. Poſition 6 427 f. following. A 
third ſtar preceding, above 1. N 
47. FL. 2 Come Berenices. | 
April 18, Double. Conſiderably unequal. L. rw.; S. pr. 
1782. With 278, 2 diameters of L; with 460, above 2 dia- 
meters of L. Poſition 27 42 1. preceding. 
48. Prope FL. 16˙ Aurigæ. 
Aug. 28, A minute double ſtar. Leſs than 4 degree ſ. pre- 
1782. ceding the 16th, in a line parallel to the 10 and 8 
Aurigæ; the preceding ſtar of a ſmall triangle of which 
the 16th is the largeſt and following. A little unequal. 
Both pr. With 227, 15 or, when beſt, 13 diameter 
of L. Poſition 15 48 n. following. 
49. (FL. 1105) Piſcium borealior. In lino boreo. 
Sept. 3, Double. About 4 degree n. of, and a little pre- 
1782, ceding 11oth, towards y Piſcium. A little unequal. 
Both wr. With 460, about 3 diameters of L. Poſi- 
tion 595 60 n. preceding. A third ſtar in view, about 
14 min. 
50. Fl. 38. Piſcium. In auſtrino Hines 
Sept. j, Double. Pretty unequal. Both pr. With 227, 
1782, full 2 diameters of L.; with 460, about 4 diameters 
of L. Poſition 25 3“ 1. preceding. 
K 2 51. 
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II. 51. þ Capricorni. Fr. 11. Trium in roftro ſequens. 
Sept. 3 Double. Very unequal. Both rw. With 460, 11 
1782. diameter of L. Poſition 84* of 1. following. A thied 
ſtar in view. 
52. 0 (FL. 40 Perſei præcedens ad boream. 
Sept. 7, Double. Almoſt 4 degree preceding the 4oth, in a 
178z. line parallel to 7 and the 38th Perſei. Equal. Both w. 
With 227, nearly 2 diameters. Poſition 8* 24' n. pre- 
ceding. 
53. FL. 12 Camelopardali præcedens. 
Sept. ), Double. Leſs than 4 degree preceding the 11th and 
1782. 12th, in a line from the iſt Lyncis continued through 
the 12th Camelopardali Extremely unequal. Both 
dr. With 227, it appears like a ſtar with a tail; but 


932 ſhews it plainly to be only a double ſtar ; with 


227, not much above 1 diameter of L.; with 932, 
about 34 diameter of L. Poſition 18* 33“ ſ. following; 

a little inaccurate. 

54. Quæ præcedit « (FI. 74%, oculum boreum) Tauri. 

Sept.) Double. Near 4 degree f. preceding «, in a line 

1782. parallel to « and y Tauri; a ſmall ſtar. Extremely 
unequal. L. rw.; S. d. With 460, above 3 diameters 
of L. Poſition 68 42“ 1. preceding. 

55. FL. 4 Ceti auſtralior et ſequens. 

sept. 9, Double. About 1 degree ſ. following the 4th * 

1782. Sth in a line parallel to y and 7 Ceti; in the ſhorter leg 
of a rectangular triangle. Very unequal. L. r.; S. 
d. With 27 78, rather more than 2 diameters. Poſi- 
tion 2142 hs preceding. 

56. 8 (FL. 6*") Arietis præcedens ad boream. 
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II. Double. Almoſt 1 degree n. preceding g Arietis, 
Sept. 10, towards g Audromedz; a ſmall ſtar. A little unequal. 
1782. Both reddiſh. With 227, full 2 diameters of L. Poti- 
tion 23* 127 n. preceding. A third ſtar 2” or 3“ preceding, 
in the ſame direction with the two ſtars of the double ſtar. 
57. Ad FL. 72 Aquarii. 
sept. 27, Treble. About 21 degrees followin g x, in a line parallel 
1782. to æ and Aquarii. The neareſt a little unequal. Both 
r. With 460, 21 diameters of L. Poſition 25 51' f. 
preceding. The two fartheſt a little unequal. Of the 
5th claſs. About 50 or 5 5% 1. following. 
58. FL. 565 Ceti auſtralior et ſequeus. 
Sept. 27, Double. About 3} degree ſ. following the 56th, in a 
1782. line parallel to y and 7 Ceti. Conſiderably unequal. 
* With 278, 14 diameter of L. Poſition 
25* 127 n. preceding; too low for accuracy. 
59. e (FL. 46*") Aquarn ſequens ad auſtrum. 
Sept. 30 o Double. About 2 degrees 1. following e, in a Vine pa- 
1782. rallel to g and à Aquarii; there is a very conſiderable ſtar 
between this and e, not much out of the line. Pretty 
unequal. Both dr. With 227, 24 or 23 diameter of 
L. Poſition 61 127 n. preceding. 
60. £ (FL. 5˙⁷ Canis majoris ſequens ad boream. 
Sept. 30, Double. About 4 degree n. following the 2d ad E, 
1782. in a line from the 4th continued through the 5th 
Canis majoris nearly. Very unequal. L. rw.; 1. d. 
With 227, 11 diameter. Poſition 67 36' n. preceding. 
61. @ (FL. 4% Orionis ſequens ad auſtrum. 
oa.2, Treble. About 14 degree ſ. following æ in a line 
1782. parallel to © and æ& Orionis ; the ſmalleſt and moſt ſouth 
of three forming an arch. The two neareſt extremely 
unequal. 
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II. unequal. L. dw.; S. # cur. re With 227, 13 of 
112 diameter of L. Poſition 4* '54 11, following; tos 3 
obſcure for accuracy. The two fartheſt extremely une- 
qual. S. a mere point. Of _ or claſs, Pofi- 
tion about 50? f. following. 9:4 
F. 3 Pegaſi adjecta. 
Oct. 4, Double. In a line with, and ith of, the two ſtars 
1782. that are about the place of the third Pegaſi. A little 
unequal. Both duſky r. With 227, about 3 dia- 
meters of S. Poſition 88 bY u. nn perhaps a 
little inaccurate. 
63. FL. 2 et 4˙ Navis TOY 
Oct. 12, Multiple. Near 2 degrees preceding the 2d and 2 
Navis; the middle one of three. One of the multiple 
is double. Nearly equal. Both w. or aſh colour. 
With 227, about 21 diameter, and not leſs than 20 
ſtars more in view; with 460, about 3 diameters. Po- 
fition 3012“ n. preceding. 
64 g (FL. 81 Geminorum ad auſtrum ſequitur. 


1782. 


Oct. 13. Double. About 4 degree ſ. following g, in a line from 


1782. C continued through g Geminorum nearly; the neareſt 

and largeſt of two. Very unequal. L. r.; S. bluiſh 

r. With 227, above 3 diameters of L. Pofition 

4 9 n. preceding. 

65. Pollucem ſequens ad boream. 

Oct. 13, Double. Full 3 degree n. following , in a line from 

' 2782, J continued through g Geminorum; the ftar next to 

the middle one of three, nearly in a line. ' Exceffively 

unequal. L. rw.; S. d. With 227, above 24 or near 

Z diameters of L. and 5 other ſtars in view; with 460, 


above 3 diameters of L. Poſition 89 12“ n. following. 
W * 66. 


— — 
0 * 


U. 66. Juxta „ee o Hint: 1 10 199407 jf 
OR. 19, Double. Full 3 . 1. sac % towards 4 


1782. Delphini. Conſiderably unequal. L. pr.; 8 r. With 
227, IF diameter of L. Poſition end ” n. A 
67. U Gr. 10 Lyræ præcedens ad boream. 
od. 19, Double. The 4th teleſcopic ſtar aboatch 11 give n. 
_ preceding P, in a line parallel to / and * Lyræ. Ex- 
tremely unequal. L. r.; 8. dr. With 227, 14 or 
almoſt 11 diameter of L. With 460, 5 an 
7 ters of Ly Pofition 68*-6\'\. ye 
68. r 7% 348-1 218 120 
Oct. 24, Treble. About 21 minutes 0 en e Lyrx. 
1782, The two neareſt, a little - unequal. Both dr. With 
460, 3 full diameters. Poſition 8 24“ n. following. 
The fartheſt as large as E. of the two neareſt at leaſt. 
Colour dri Poſition with L. 25 5p" ſ. preceding. 
Diſtance of b Lyræ, whielv is in view, from the two 
neareſt 2 17” 30“. Poſition 65 12“, Arn n. pre- 
ceding, or the double ſtar ſ. following. 2118.41 £7 
69: FL. 4% Cygni ſequens ad boream. Ee 
Ott. 24, Double. Near F degtee n. followitg t the ** "IN 
1782. in a line from y Lyræ continued through the 4th 
Cygni. A little unequal. Both w. With 227, about 
2 diameters of L. or 27 when beff. . 29 * 120 


n. following tb & 
70. Twp 8 e e (rr. 1 5) Ster en 
ultima. *0 4511 4 lt 1 Lord. 311 6 & * 1 


Nov. 6 Double. ta 14 degree fl followitg 2 Sagittæ, in 
1782. a line parallel to y Sagittæ and y Delphini. Extremely 


unequal, Both r.; S. deeper r. 9 227, 14 dia- 
meter 
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II. meter of L.; with 460, above 2 diameters of L. Po- II 


ſition 725 57” n. following. J 
71. FL. 58* Aurigæ auſtralior. | | 
Nov. 6 Multiple. About 4 degree ſ. of the 58th Aurigz, in 

1782. a line parallel to Band 8. A cluſter of ſtars containing 

a double ſtar of the ſecond, and one of the third claſs. 

That of the ſecond very unequal. Both r. With 


460, about 24 diameter of L. Poſition 44* 36' n. | 70 
following; that of the third equal. Both r. With 
227, above 20 ſtars in view. Diſtance 17” 41”. The 


two double ſtars are in the following ſide of a ſmall 
teleſcopic trapezium. 

72. Fr. 1 35 Luyncis auſtralior. 

Nor. 13, A pretty double ſtar. About 14 degree ſ. of the 1 3th Ss 7: 


1782, Lyncis, towards 8 Geminorum ; a conſiderable ſtar. = 
Nearly equal. Both pr. With 227, full 24 diameters; | 
with 460, almoſt 4 diameters. Pofition 110 f. pre- 
ceding. _ 25 7 

73. FL. 21 Urſæ majoris. = 

Nov. 17, Double. Very unequal. Both rw. With 227, 21 ' 

1782. diameter of L.; with 460, above 3. Poſition . 45 il 

i n. preceding. | * 

74. » (FL. 4 Crateris borealior; | = 7 

Nor. 20, Treble. Near 1 degree n. preceding » Crateris, MW | 

1782. towards & Leonis. The two neareſt equal. Both dw. 1 
With 227, 21 or 3 diameters. Poſition 71* 33“ n. fol- 
lowing. The fartheſt larger than either of the two bf 


other ſtars; Of the ſixth claſs. Pofition about 68 or 11 
69 1. : prroeling the double ſtar. | - 
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II. 75. FL. 118 Tauri. 
Dee. ) Double. A little unequal. L. W.; S. w. inclining 
1782. tor. With 278, 24 diameter of L.; with the fame 
in power by the micrometer 4” 41“ ; more exactly with 
72 625, 5 2/7, Poſition 77 15%. I could juſt fee it 
8. with an 18-inch achromatic, made by Mr. NaAIRNE; it 


th | was as cloſe as poſſible, and a pretty object. 

n. 76. 1 (FL. 635) Arietis auſtralior et præcedens. 

th Dec. 23. Double. About 1 degree ſ. preceding Arietis, 

* | 1782. towards  Ceti ; the moſt fouth of two ſmall teleſcopic 

Il ſtars, Nearly equal. Both w. With 227, above 3 
| diameters; by the micrometer 5” 45”. Poſition 1 5* 

-- 24 1. preceding. 

h 77. Fr. 17 Hydra. 

r. PDec. 28, Double. The largeſt of two. A little unequal. 

8 1782. Both w. With 227, 24 diameter of L.; with 460, 12 

e- diameter. Poſition goꝰ o“ north. 


78. x (FL. 63 Leonis ſequens ad auſtrum. 
þ Jan. 1, Double. About + degree f. following x, towards = 
3 1783. Leonis; the ſmalleſt of two. Very or extremely un- 


5 equal. L. r.; S. d. With 227, 3 full diameters of 
L. Poſition 75 217 f. following, 
79. FL. 39 Bootis. 5 
s, ⁵ fan. 8, A pretty double ſtar. A little unequal. Both pr. 
v. 1733, With 227, near 11 diameter of L.; with 460, near 2 


diameters of L. Poſition 38? 21' m. following. 
80. d (FL. 40®) Eridani adjecta. 
Jan, 31, Double. About 1+ min. f. following 4 Eridani. 
1783. Very unequal. Both dr. With 227, hardly viſible ; 
with 460, very obſcure. Poſition 56* 42“ n. preceding. 
Vol.. LXXV. 1 Diſtance 
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II. Diſtance of L. from d Eridani, with 227, 1 21” 47'* 
Poſition of L. 17 53“ 1. following d Eridani. 
81. FL. 49 Eridani ſequens. 
Jan. 31, Double. Near 1 degree bn the Latch Eridani, 
1:83, towards 3 Orionis. Very unequal. Both dw. With 
227, full 1 diameter of L.; with 278, 14 or 13 dia- 
meter of L.; with 460, 21 or 3 diameters. of L. Po- 
ſition 51* 36” n. preceding. 
82. FL. 31 Bootis ſequens ad auſtrum. 
Feb. 3, Double. Near 1 degree 1. following the 31ſt, in a 
1783. line from u continued through the 31ſt Bootis; the moſt 
ſouth of two. A little unequal. L. w.; S. dw. With 
227, about 13 diameter of L.; with 460, about 3 dia- 
meters of L. Poſition 1* of 1. following. A third ſtar 
in view, 20? or 30? n. preceding. 
83. FL. 22* Andromedz borealior. 
Feb. 26, Double. Within 3 degree north of the 22d, in a 
1783. line parallel to the 19th and 16th Andromedz; the fol- 
lowing and ſmalleſt of two. Conſiderably unequal. L. w.; 
S. d. With 227, 14 or 14 diameter of L.; with 460, 
more than 2 diameters of L. Poſition 5 ? 48 n. following. 
84. Fr. 65 Piſcium. 
Feb. 27, Double. Nearly equal. Both pr. With 227, near. 
1783. 11 diameter of L.; with. 460, full 2 diameters. Poſi- 
tion 30* 57 n. preceding. 
8 5. 5 (FL. 365) Serpentis borealior et ſequenus. 
Mar. 4, Double. About 13 degree n. following 6, nearly in 
1783. a line from the 32d continued through the 36th Ser- 
pentis. Extremely unequal. L. w.; S. dw. With 
227, 1 full diameter of L.; S. hardly to be ſeen ; with 


460, full 2 diameters of L. Poſition 462 9 n. preceding. 
86, 


MI. 


of Double Stars. | 75 


II. 86. Fr. 49 Serpentis præcedens ad auſtrum. 


Mar. 7, Double. About 14 degree ſ. preceding the Fry in 

1783. a line with the 49th and another between this and the 
49th Serpents, each nearly at 3 degree diſtance. Very 
unequal. L. dw.; S. d. With 227, 2 diameters, or 
23 when beſt. Poſition 55* 9' 1. following. 


87. FL. 295 et 30. Monocerotis auſtralior. 


Mar. 8, Multiple. It makes nearly an equilateral triangle 
1783. with the 29th and zoth Monocerotis towards the ſouth. 
Among many, the fourth from the ſouth end of an 
irregular long row is double. A little unequal. Both 
pr. With 227, 1 diameter of L. and 16 more in 
view. Poſition 8612“ ſ. following. 
88. @ (FL. 5 n Serpentis præcedens ad auſtrum. 
Mar. 8, Double. About 4 degree ſ. preceding the 5ſt, 
1783. towards the 13th Serpentis. Very or extremely une- 
qual. Both r. With 227, 21 diameter of L. when 
' beſt; with 466, near 3 diameters of L. Poſition 
44 45 n. preceding. 1 
89. Ad Genam Monocerotis. Re 26 
Mar. 26, Double. About 1 degree n. preceding the 1 2th Mo- 
1783, nocerotis, in a line parallel to & and x Orionis; the 
ſmalleſt and moſt. north of two. Confiderably une- 
qual. L. r.; S. bluiſh r. With 227, near 4 diame- 
ters of L. when beſt. Poſition 50? 51/ n. _— 
90. FL. 100% Herculis.precedens ad boream. 
Mar, 29, Double. About 14 degree n. preceding "MR Iooth, 
2783, towards w Herculis ;. a very ſmall teleſconic ſtar; the 
moſt towards and ſmalleſt of three forming an arch. 
Confiderably unequal. Both dw. With 225, about 
2 diameters of L. Poſition 75? 9“ f. following. 
L 2 91. 


76 
II. 91. 2 (FL. 15*) Sagittæ auſtralior. 


Apr. 5, 
1783. 
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Treble. About twice as far ſouth of 2 Sagittæ, as 3 
and the ſtar near it are from each other; a ſmall ſtar. 
The two neareſt very unequal. L. pr.; S. r. With 
227, 1 diameter of L. Poſition 74 54 1. preceding. 


The third with L. extremely unequal. S. d. With 


227, about 3 diameters of L. or more. Poſition about 


40? or 50? n. preceding. With more light this would 
be a fine object. 


92. In Camelopardali clune. 
Apr. zo, Double. About four times the diſtance of the 1oth 


1783. 


and 12th Camelopardali, north of the roth, and almoſt 
in the ſame direction with the roth and 12th, is a ſtar 
of between the 5th and 6th magnitude not marked in 
FLAMSTEED ; naming that ſtar A, we have the fol- 
lowing direction. About ? degree preceding A Came- 
lopardali, in a line from the 2d Lyncis continued 
through A; the ſecond from A. Very unequal. L. 
w.; S. d. With 227, 11 or 2 diameters of L. Po- 
ſition 22 42“ 1. following. Very inaccurate. 


93. (FL. 13) Aquilæ auſtralior. 


May 25, Double. Near 1 degree ſouth of, and a little fol- 


1783. 


lowing e, towards a Aquilæ, a very ſmall ſtar. Very 
unequal. L. dw.; S. dr. With 460, above. 2 dia- 
meters of L. Poſition 16˙ o' n. preceding. 


94. (FL. 17 Andromedæ præcedens ad boream. 
Aug. 19, Double, About 14 degree n. preceding Andromedæ 


1783. 


n. preceding. 


in a line parallel to « and g Caſſiopeiæ; in the fide of a 
trapezium of four ſmall ſtars. Pretty unequal. Both 
r. With 460, 24 diameters of L. Poſition 34 24 


* 
» 
by 
U 
9 : f 
k | 
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II. 95. 1 (Fr. 55*) Aquilæ auſtralior. | 
Sept. 12, Double. About 5 degree ſouth of », in a line from 
1783. & continued through 4 Aquilæ; a ſmall ſtar. A little 
unequal. Both duſky aſh-coloured. With 460, near 
3 diameters of L.; with 278, near 2 diameters of L. 
Poſition 29® 3“ n. preceding. 
96. 6 (FL. 6550) Aquilæ borealior et ſequens. 
Sept. 12, Double. About 14 degree n. following 8 Aquilæ, 
1783. towards es Delphini ; more accurate towards 29 Vulpe- 
culz ; a very conſiderable ſtar. Nearly equal. Both 
rw. With 278, about 14 diameter of L.; with 460, 
full 2 diameters. Poſition 56* 12/ ſ. preceding. 
97- £ (FL. 64%") Cygni precedens. 
Sept. 15, Treble. About 1 degree preceding &, aaa the 
25783, 41ſt Cygni; a large ſtar. The two neareſt extremely - 
unequal. L. w.; S. pr. With 460, 24 diameters of 
L. Poſition 45 15' n. preceding. The third with L. 
extremely unequal, Of the 5th or Sth. claſs; about. 
502 ſ. preceding. 7 | 
98. FL. 49 Cygni. 
Sept. 15, Double. Very unequal, L. r.; S. blwſh r. With 
1783. 278, 14 diameter of L.; with 8 24 diameters of 
L. Poſition 3148“ n. following. 
99. Þ (FL. 6**) Cygni ſequens ad boream. 
Sept. 15, Double. Near 4 degree n. following B, towards * 
1783, Cygni. Very unequal. Both dw. With 278, 14 
'* Ad4iameter of L.; with 460, about - . of L. 
Pofition 875 48“ n. following. 
100. FL. 515 Cygni borealior et ſequens. 1 
Sept. 24, Double. Near two degrees n. following the ff 
1783, Cygni, in a line parallel to o Cygni and « Cephei; 
* . _ 
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II. pretty conſiderable: ſtar. Very unequal. L. w.; 8. 
inclining to blue. With 278, extremely unequal. 
and 14 diameters of L. when beft ; requires attention to 
be ſeen well with this power; with 460, full 2 diame- 
ters of L. or 24 when beſt, otherwiſe much leſs. Poſi- 
tion 15* 51” n. following. 

101. FL. 55 :: Camelopardali præcedens ad boream. 

Sept. 26, Double. About 2 degrees n. preceding the 57 ::, 

1783. towards the 42d Camelopardali; a conſiderable ſtar 
near three ſmaller, forming an arch. About 1 degree 
from the double ſtar V. 135. Conſiderably unequal. 


Both pr. With 278, 1+ diameter of L.; with 460, 


24 diameters of L. Poſition 67 15” n. preceding. 1; 
102. e (FL. 29*) Ononis auſtralior et præcedens. 
Sept. 27, Double. About 4 degree ſ. preceding e, in a Kns 
1783. parallel to ę and 2 Orionis; the largeſt of ſeveral. Very 51 
unequal. L. pr.; S. inclining to garnet. With 278, Fe 
near 2 diameters of L. With 460, 21 diameters of I: 
L. Poſition 52* 24' ſ. following. . 
52 
3 3 Fe 
_ — 1 
THIRD CLASS OF DOUBLE” STARS. gh 


m. 47. e | Pulthicis: FL. 38 Gaininorum.! In cake. - - 
Dec. 27, Double. Extremely unequal.. L. rw.; S. r. Diſ- 
1781. tance, with 460, 7” 48”. Poſition 89 54“ ſ. follow- 
ing. Two more in view, the neareſt of them Pr 

$114; 40 6 maps form a e r. i pes 
CCCTTFCPCCCCCCCCCCCCCCCVCCCVV OILS «48. 


Double Starr. 79 


III. 48. (Fr. 61*”) Geminorum præcedens ad boream. 

Dec. 2, Double. About 4 degree n. preceding 7, in a line 

1781. Parallel to « and the 60th Geminorum ; near two de- 
grees from d. A little unequal. Both pr. Diſtance 

 &' 15”. Poſition 43* 54 n. following. 

49. J (FL. 4% Hydræ præcedens ad boream. 

Jan. 2, Double. About 14 degree n. preceding 3, in a i l 

1782. from 3 continued through d Hydræ. Pretty unequal. 
L. r.; S. garnet. Diſtance 12“ 39”, Poſition 62? 
487 n. following. 

50. 0 Virginis. FL. 51. De quatuor ultima et ſequens. 

Feb. 6 Treble. The two neareſt extremely unequal. L. w.; 

1782. S. d. Diſtance 7” 8”; but inaccurate on account of 
the obſcurity of S. Poſition 695 187% n. preceding. 
For meaſures of the two fartheſt ſee VI. 43. 

51. FL. 88 Leonis. In dextro clune. 

Feb. ), Double. Extremely unequal. L. rw.; S. r. Diſ- 

1782, tance 14 38“; a little inaccurate. Poſition 477 33 
n. preceding. 

52, FL. 10˙ Orionis ſequens. 

Feb. 1), Double. Above 3 deg. n. following the roth, towards 

1782. % Orionis. n unequal. Both pr. Diſtance 
with 278, 13“ 40“. Poſition 377 3 n. following. 

53. » Virginis 3 et Gs; 

Feb. 11, Double. Near 24 degrees n. following y, in a line 

1782. parallel to s and & Virginis; a conſiderable ſtar; a line 

from y to this paſſes between two of nearly the ſame 

magnitude with this ſtar. A little unequal. Both d. 

Diſtance 12” 58“. Poſition 797 of n. preceding. 
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III. 54. Secunda ad e Urſe majoris. Fr. 13. In fronte. 
June 2, Double. Extremely unequal. L. w.; 8. r. 
1782. tance 7” 56”, Poſition 135 © n. preceding. 

55. v (FL. 18*") Coronz borealis ſequens ad boream. 


Dit- 


3 — , 
* he 1 2 
of N — 
> . * 
1 — * 
— - — — —— 
— 1 — 
— - —_ 2 P * — — — 
4 * = 
. n - l 
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June 14, Double. Confiderably unequal. L. dr.; S. d. 17 
5 1782. Diſtance with 227, about 3 or 4 diameters of L. being 61 
1 too obſcure for the micrometer. Poſition 53 48 f. Ar 


— 4 — 2 


preceding. Diſtance of the largeſt of the two from u 
Coronæ 1' 18” 8/7, Poſition of the ſame with v, 64 
24' n. following. 

56. S (FL. 720 Serpentarii borealior. 
june 16, Double. About 24 degrees n. of the 1700 a 
1782. tarii; a conſiderable ſtar. A little unequal. Both r. 

Diſtance 7” 37 Poſition 9? 42“ f. preceding. A third 
{tar about 1” preceding. 

57. In Anſeris corpore. 

Aug. 11, A pretty double ſtar. About +4 degree n. of a cluſter 
1782, of ſtars formed by the 4th, 5th, 7th, gth Anſeris; in 

a line parallel ta the 6th Vulpeculæ and g Cygni ; that 
of two which is fartheſt from the cluſter. A little 
unequal. Both r. Diſtance 7” 1”. Poſition 58 36 
ſ. following. 

58. 0 Perſei. FL. 13. In ſiniſtro humero. 

Aug. 20, Double. Extremely unequal. L. w. inclining to r.; 
1782. S. d. Diſtance with 932, 13” 31“. Poſition 20? O 

n. preceding. A third ſtar, very unequal, within 1”; 
towards the ſouth. 

59. Ad FL. 19 Perſei. In capite. 
Aug. 20, Double. It is perhaps the 19th Perſei removed, or | 
1782, more likely a ſtar not marked in Fr amsTEeeD's Cata- iſ 

8 ; the 19th being either vaniſhed, or miſplaced by 
FLAMSTEED. . 


—— 28 


> ff © 
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NI. A Pretty 2 L. bw.; S. br. Diſ- 
tance 12” 2%. Poſition of o' following. | 
55 Secunda ad þ perſei. FL. 20. IIlas in larva præcedit. 

Aug. 20, Double. Extremely unequal. L. rw.; S. d. Diſ- 
1782. tance 14” 2”, Poſition 30? 30“ 1. following. 

61. Sub finem caudæ Draconis. 

Aug. 20, Double. Of two conſiderable ſtars, about half-way 
1782, between « and , Draconis, that which is towards . 
The two ſtars are parallel to 7 and e Urſz ra 
Very unequal. L. pr.; S. db. Diſtance 12” 30“ 
perhaps a little inaccurate. Poſition 87 42/ n. preceding. 
62. FL. 35 Piſcium. In lino auſtrino. 

Sept. 4, Double. Confiderably unequal. L. rw.; S. pr. 
1782. Diſtance 12” 30% Poſition 58* 54/ ſ. following. 

63. Prope FL. 65** Sagittarii. Ad extremum paludamentum. 
Sept. 56, Double. Near 4 degree f. following the 65th Sagit- 


ng 


ſter 1782. tari towards & Capricorni. Very won. Too low 
in for colours; perhaps dw. Diſtance 14” 20%. Poſi- 
hat tion 735 48 n. following. 


trle 64. FL. 26 Aurigæ. In dextri cruris involucro. 

Sept. 5, s Very unequal. L. rw.; S. r. Diſtance 

1782. 13” 25”. Poſition 2 36“ n. preceding. 

65. e (FL. 585) Perſei auſtralior. In dextri pedis talo. 

r.; Sept. 7, Double. About 107 ſouth of the 58th Perſei, in 

1782. line parallel to & and Aurige; a ſmall teleſcopic 3 

Very unequal. L. r.; S. d. Diſtance with 625, 11“ 

22//, Poſition 48 54 n. following. Very inaccurarts : 

windy. Ns 5 

, or 66. e Tauri. FL. 30. In dextri humeri ſcapula. 

ata - Sept. 7, Double. Extremely unequal. L. W.; S. r. Diſ- 
1782. tance 11“ 16“; inaccurate on account of obſcurity. 

Ep. Poſition 1715“ n. following. 


Vor. LXXV. 3 67. 
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8a 
III. 67. Leporis. FL. 3. Borea præcedentis lateris quadrilateri 
ad aures. : 
Sept. 7, Double. Exceſſively unequal. L. w.; S. d. With 
1782. 227, there was not a poſſibility of meaſuring the diſ- 
tance, though the glaſs was carefully cleaned; on try- 
ing 625, I found the ſtar fo ſtrong that it bore a very 
tolerable good light“. Diſtance with this power 12“ 
20”, Poſition 89 21“ n. preceding. 
68. 1 (FL. 175) Arietis auſtralior et præcedens. 
Sept. 10, Double. Full 1 degree ſouth preceding 3, in a line 
1782. parallel to « and y Arietis. Very unequal. L. pr.; 
S. d. Diſtance 87 5”, Poſition 55 42 ſ. following. 
69. Prope FL. 64 Aquaru. In dextro femore. 
Sept. 27, Double. Full 14 degree n. following the 64th ::, 
1782. in a line parallel to à and ꝙ Aquarii; the largeſt of two 
that follow a very obſcure triangle in the finder. Ex- 
tremely unequal. L. rw.; S. db. Diſtance 12“ 46/”. 
Poſition 20˙ð“ J. following. 
70. x Cephei. FL. 1. In ee crure. 
Sept. 27, A beautiful double ſtar. Extremely unequal. L. 
1782. fine w.; S. r. Diſtance 5” 47”. Poſition 322 30“ f. 
following. 
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II. 


Sept. 7 
1782 


1782 


© With regard to ſmall ſtars, that become viſible by an increaſe of magnifying 
power, we may ſurmiſe, that it is partly owing to the greater darkneſs of the 
field of view, ariſing from the increaſed power, and partly to the real effect of 
the power; for, though the real diameter of a ſtar, notwithſtanding it he magnified 
a thouſand times, ſhould ſtill remain ſmaller than the minimum viſibile, yet fince a 
ſtar of the ſeventh magnitude may be ſeen by the naked eye, we may conclude, that 
the light of a ſtar ſubtends incomparably a larger angle than its luminous body; 
and this may be in ſuch a proportion, with very ſmall ſtars, that the power of 
the teleſcope ſhall be juſt.ſuſficient to maguify the real diameter ſo as to bring it 
within the limits of this proportion, whereby the ſtar will become viſible. - 


s. 
Oct. 4 
1782 


7 6. Ti 


71. 


of Double Stars. 83 

II. 71. Tiaram Cephei præcedens. 

Sept. 27, Treble. About 14, degree preceding the garnet far a, 

1782. in a line parallel to and & Cephei. The two neareſt 

very unequal. L. w.; S. db. Diſtance 11” 25”. 

Poſition 35 24 f. following. The two fartheft conſt- 

derably unequal. S. db. Diſtance 18” 37”. Poſi- 

tion 73* 57" n. preceding. The place of the garnet 

ftar, reduced to the time of Fri. amstEED's Catalogue, is 

| about A. 21 h. 45'. P.D. 32't. 

| 72. Tiaram Cephei præcedens. 

W 5cpt. 27, Double. Within 4 degree of the foregoing treble 

1782. ſtar. Conſiderably unequal. L. rw.; S. pr. Diſtance . 

13 4 J. Poſition 325 © n. following. 

73. FL. 255 Ceti auſtralior et ſequens. 

oa. 2, Double. About : degree ſ. following the 25th, in a 

1782. line parallel to and Ceti. Pretty unequal. Diſtance 
with 278, 14” 50“. Poſition 8912“ ſ. preceding 3 

perhaps a little inaccurate. 

74. Fr. 185 Pegaſi auſtralior. Ad oculum ſiniſtrum. 

oa. 4, Double. About 3 degree ſ. preceding the 18, in a 

1782. line parallel to q and « Pegaſi; the moſt north and largeſt 

of two. A little unequal. Both rw. Diſtance 14” 

29“ full meaſure. Poſition 31? 33“ n. following. 

5. Ad Genam Monocerotis. 

Oct. 4, Double. About 1 degree n. of, and a little preceding 

1782. the fix teleſcopics in the place of the 12th, in a line 

| parallel to the 12th Monocerotis and A Geminorum. 

6. u quatuor teleſcopicarum, 5 Orionis ſequentium, penultima. 

Oct. 4, Double. About 2 degree n. following d, in a line 

1782, parallel to 5 and Orionis. Extremely unequal. 


* Phil, Tranſ. vol. LXXIII. p. 2 57 
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III. L. r.; S. d. Diſtance with 299; of": $21 

13 60 n. preceding. 

77. FL. 65 Arietis fequens ad auſtrum. 

Od. 9, Double. About 3 degree ſ. following the 65th Arie- 
1782, tis, in a line parallel to the Pleiades and s Tauri ; the 
preceding of two. Very unequal. L. r.; S. bluifh. 
Diſtance 8“ 32%. Poſition 75 18/ f. following. 

78. FL. 13 Tauri præcedens ad auſtrum. 

Od. 9, Double. About 13 degree ſ. preceding the I 3th 

1782, Tauri, in a line parallel to « Tauri and 3 Ceti. Nearly 
equal, Both pr. Diſtance 7” 10%. Poſition 87 57 ; 
n. preceding. 

79. £ (FL. 835) Ceti borealior. 
Oct. 13, Double. About + degree n. of « Cett; the neareſt of 
1732, three forming an arch. Extremely unequal. L. rw. 

S. darkiſh red. Diſtance with 278, 10” 48”, Poſi- 
tion 4512“ ſ. preceding. 

80. „ (FL. 76”) Ceti præcedens. In ſiniſtro crure. 
OR. 13, Double. Full 11 degree preceding c, towards 2 Ceti. 
1782. Extremely unequal. L. rw.; S. br. Diſtance 11” 

16%. Poſition 22 24/ n. preceding. 

81. Parvula à & Lyræ e verſus. 

Od. 19, Double. Above 4 degree from 7 towards Lyræ. 
1582, Extremely unequal. L. r.; S. dr. Diſtance 9” 27” 


Poſition 


full meaſure. Poſition 66® 18/ n. following. 
82. FL. 41 Aurige. 
Nor. 6, A pretty double ſtar. Confiderably unequal. L. w.; 


1782, S. grey inclining to r. Diſtance 8” 32 Poſition 
80 &' n. preceding. 


83. 


ti. 


III. 83. FL. 19 Lyncis. 
A little unequal. L. rw.; S. bw. Dit- 


Nov. 13, Double. 


1782. tance 14” 11%. 
84. FL. 40 Lyncis. In Urſæ majoris pede. 


Nov. I 3 5 D ouble. 


1782. Diſtance 7” 11”. 


Very or extremely unequal. L. 


8 5. Fr.. 2 Canum Venaticorum. 


Nov. I 3, Dou ble. 


Very unequal. IL n: 8. bluiſh. Di 


1782. tance 12” 12”, Poſition 115 o' 1. preceding. 


86. FL. 57 Urſæ majoris. | 
The largeſt of two ſtars. Exceſſively un- 


Nov. 20, Double. 


36” n. following. 
87. FL. 59* Urſæ majoris borealior. 


Nov. 20, A pretty treble ſtar. 


tance 12” 30”, Poſition o“ o/ preceding. 


fartheſt very unequal. 


Poſition 4 o/ n. following. 


Nov. 25, Double. 


88. FL. 115 Tauri borealior et ſequens. 
degree n. following 


About +Z 


1782. Tauri, towards Aurige. Very unequal. 


pr. Diſtance with 278, 13“ 37”. 


n. following. 
89. Ad 63*» Herculis. In linea per à et e ducta. 
Nov. 26, Double. About 4 degrees from d towards e Herculis, 


1782, near the 63d. Very unequal. L. r.; S. r. 


{/ 474 
145 af 


Poſition 47 48 n. 8 


85 


Poſition 46* 54“ 1. preceding. 


wr.: S.r. 


Poſition 48* 12/ n. preceding. 


782. equal. L. w.; S. a red point without ſenſible magni- 
tude. With 227, S. is but 1 vifible. Poſition 7 52 


Near 14 degree n. of the 59th, 


1582, in a line parallel to q and g Urfæ majoris nearly. The 


two neareſt conſiderably unequal. L. pr.; S. r. Diſ- 
The two 


8. dr. Diſtance 32“ 21, 


the 11th 


L. w.; 8. 


Poſition 897 51” 


Diſtance 


90. 
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HI. 90. FL. 1035 Tauri borealior. 

Nov. 29, Double. About three degrees directly n. of the 103 
1782. Tauri; the largeſt of three, forming an obtuſe angle. 

Conſiderably unequal. L. rw.; S. pr. Diſtance with 
278, 13“ 6%. Pofition 64 o/ n. following. 

91. FL. 625 Arjetl borealior et ſequens, 

Dec. 23, Double. Near 1 degree n. following the 624 Ari- 
1782, etis, towards e Perfei. Nearly equal. Both dw. Diſ- 

tance 11” 17”; not very accurate. Poſition 125 24 
n. preceding or ſ. following. 

92. C (FL. %%) Cancri præcedens ad boream. 

Dec. 28, Double. About 1 degree n. preceding E Cancri, in a 
+782, line parallel to s Leonis and the 41ſt Lyncis; a conſi- 

derable ſtar. A little unequal. Both rw. Diſtance 
8 50“. Poſition 65* 12/ 1. preceding. 

93. FL. 117 Tauri. 

Dec. 31, Double. Almoſt equal. Both rw. Diſtance 13“ 
1782. 12”, Poſition 52* 27' 1. following. 

94. » (FL. n) Leporis præcedens ad boream. 
Dec. 31, Double. About 1+ degree n. preceding - Leporis, in 
1782. a line parallel to x and ? Orionis; the ſecond in that 

line. Equal. Both rw. Diſtance 11” 44”. Poſi- 

tion 4* of 1. following or n. preceding. 
95+ » (FL. 48% Eridani præcedens ad auſtrum. 
Jan. 2, Double. Near + degree ſ. preceding v, in a line from 
x783. the 5; iſt continued through the 48th Eridani. Extremely 
unequal. L. rw.; S. d. and hardly to be ſeen with 
227. Diſtance with 278, 15” 21”; very inaccurate 
on account of obſcurity. Poſition 9 187 ſ. preceding. 


1 96. 


- 


of Double Stars. 87 
HI. 96. Fr. 17 Crateris. 
Jan. 10, Double. Nearly * Both rw. Diſtance 9“ 
1783. 46“. Poſition 64 27” 1. preceding. 

97. FL. 54 Hydræ. | 

Jan. 10, Double. Very unequal. L. w.; S. bluiſh r. Diſ- 
1783. tance 11” 17”; too low for great accuracy. Poſition 
3815“ ſ. following. 

98. Ad Genam Monocerotis. 

Jan. 13, Double. About 32 degree ſ. preceding the moſt ſ. of 
1983. A cluſter of fix teleſcopics in the place of the 12th, in a 
line parallel to the 15th and 12th Monocerotis. Ex- 
ceſſively unequal. Poſition 61 57' 1. preceding. 

99. FL. 55 Eridani. = 

Jan. 33, Double. A very little unequal. L. pr.; S. rw. 
1783. Diſtance 9709. Poſition 44 9“ n. preceding. 

100. FL. 5 5 Eridani præcedens ad auſtrum. 

Jan. 31, Double. About 21 degrees ſ. preceding the 5 «h 
1783. Eridani, in a line parallel to Rigel and y Eridani. Con- 
ſiderably unequal. L. pr.; S. db. Diſtance Ss” wh 
Poſition 16* 24“ f. preceding. 

101, & Centauri. FL. 3. 

Jan. 31, Double. Conſiderably unequat. L. dw.; S. dpr. 
1783, Diſtance 11” 35”. Pofition 22* of 1. following. 

102. 5 (FL. 29%) Herculis præcedens ad auſtrum. 

Feb. 3, Double. About 14 degree f. preceding 5 Herculis 
1583, towards s Serpentis; a ſmall ſtar. Very unequal. Both 
r. Diſtance 14” 2”, Poſition 67 12” n. following. 
10g. (FL. 375) Serpentis borealior et ſequens. 
uarch 4, Double. Near two degrees 1. following e, in a line 
þ 1783, parallel to the 13th . 8 and 1oth Serpentarii. 
| Very unequal. L. pr.; S. r.; but a dry /og, if I may 
ſo 
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III. fo call it, probably tinges them too deeply. Diſtance 


with 278, 12” 34”; with 625, 12” 23”. Poſition 
50? 12" n. preceding. 

104. FL. 83” Herculis præcedens. 

Mar. 26, Double. About £ degree — the 83; the ſe- 

1783. cond ſtar towards the 7gth Herculis. Very unequal. 
L. r.; S. darker r. Diſtance 14” 20”. Poſition 845? 
48” n. preceding. | 

105. 7 (FL. 125) Sagittæ borealior et præcedens. 

April , Double. About 2” preceding the double ſtar Ve 955 

1783. Pretty unequal. L. r.; 8. d. Diſtance 14” 29“ 
very inaccurate, on account of obſcurity. Poſition 
$0? 24' ſ. preceding. 

106. FL. 5 Serpentis. | | 

May 21, Double. Exceſſively unequal. L. rw.; S. db. Too 

1783. obſcure for meaſures. Of the third claſs, far. Poſi- 
ſition about 30 or 40? n. following. 

197. Congerie Stellularum Sagittarii borealior. 

june 6, Double, Above 14 degree n. of the 20th cluſter of 

1783. ſtars of the Connoiſſance des Temps, in a line parallel 
to y Sagittaru and the cluſter : the moſt ſouth of many. 
Conſiderably unequal. Diftance with 278, 15” 10”. 
As accurate as the priſmatic power of the atmoſphere, 
which lengthens the ſtars, will permit. Poſition 54* 


49” f. preceding *. 


108. 


* What I call the priſmatic power of the atmoſphere, of which little notice 
has been taken by aſtronomers, is that part of its refractive quality whereby it 
diſperſes the rays of light, and gives a lengthened and coloured image of a lucid 
point, It is very viſible in low ſtars; FouALHAxp, for inſtance, affords a beau- 


tiful priſmatic ſpectrum, That this power ought not to be overlooked in delicate 
4 | and 


July 3, Double. Above 32 n. preceding the 19th, in a line 
1783. parallel to g and Aquilæ. Very unequal. IL. r. 
S. dr. Diſtance 12” 58”. Poſition 58? 27” ſ. fol- 
lowmg. 

109. FL. 19 Aquitz præcedens ad Boream. 

July , Double. About 15 degree n. preceding the 19th, in 
1783. a line parallel tos and q Aquilæ. Pretty unequal. Both 
rw. Diſtance 10” 13”, Poſition 22? 6' n. preceding. 
110. FL. 77* Cygni borealior et præcedens. 

Sept. 17, Quadruple. Full à degree n. preceding the 17th, in 
1783. a line parallel to « and » Cygni; a ſmall ſtar. The 
two neareſt enen unequal. L. r.; S. d. Diſtance 
with 625, 13“ 54 Pofition 67? 36“ f. following. 
The two largeſt a very little unequal. Both r. Diſ- 
tance with 278, 25” 58“. Nenn 40? 33“ n. fol- 


— 


and low obſervations, is evident from ſome meaſures I have taken to aſcertain its 
quantity, Thus I found, May 4, 1783, that the perpendicular diameter of :, 
FLAMsTEED's 20th Sagittarii, meaſured 16/9“ while the horizontal was 8" 35”; 

which gives 7“ 34 for the priſmatic effect: the meaſures were taken with 460, 
near the meridian, and the air remarkably clear. And though this power, which 
depends on the obliquity of the incident ray, diminiſhes very faſt in greater altt- 
tudes, yet I have found its effects perceivable as high, not only as « or y Corvi in 


theſe two latter ſtars I made November 20, 1782; when Regulus, at the altitude 


when it was at the upper edge; which ſhews that the priſmatic powers of the edges 
of the eye lens were aſſiſted in one ſituation by the power of the atmoſphere, but 
counteraCted by it in the other. I turned the eye lens in all ſituations, to convince 
myſelf that it was not in fault, This experiment explains alſo, why a ſtar is not 
always beſt in the center of the field of view; a tact I haye often noticed before I 
knew the cauſe. | | 


Ver. LXXV. 8 lowing. 


the meridian, but up to Spica Virginis, and even to Regulus. Experiments on 


of 40, ſhewed the purple rather fuller at the bottom of the field of view than 


of Double arr. 89 
III. 108. Fr. rg» Aquilæ præcedens ad boream. be 


[8 
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III. lowing. The fartheſt very unequal. S. d. Poſition 
almoſt in a line with the two largeſt. 
111. (FL. 465) Orionis borealior et ſequens. 
Sept. 20, Treble. About 14 degree n. following e, towards 
1783. & Orionis. The two neareſt of the third claſs. 
112. 3 (Fl. 18 Cygui ſequens ad auſtrum. 
Sept. 22, Double. About 1 degree ſ. following 9, towards the 
1783. 47th Cygni; a pretty conſiderable ſtar. Equal, or per- 
haps the ſouthern ſtar the ſmalleſt. Both pr. Diſ- 
tance with 278, 10“ 8”, Poſition 71* o“. ſ. fol- 
lowing. | 
113. FL. 2 Cygui præcedens ad auſtrum. 
Sept. 23, Quadruple and Sextuple. About 4 degree ſ. pre- 
-« 3783, ceding the treble ſtar I. 96.; the middle of three, the 
moſt north whereof is the 27th Cygni. In the qua- 
druple or n. preceding ſet, the two neareſt very une- 
qual. Diſtance with 278, 11” 16”. Poſition 26* of 
n. preceding; the two largeſt almoſt equal. Both r. 
Diſtance with 278, 29” 27”. Poſition 57 12/ n. fol- 
lowing. In the ſextuple or f. following ſet, the two 4 
large pretty unequal. Both r. Diſtance with 278, | 
19 20'”. Poſition 25% 36' ſ. preceding. All the 
other ſtars are as ſmall as the ſmalleſt of the quadruple 
fet, and ſome of them much ſmaller. 
14. FL, 16˙ Monocerotis præcedens ad boream. 
Jan. 23, Double. About 14 degree n. preceding the 16th. 
178 4 


F1 
FOURTH 


of Double Stars. 


FOURTH CLASS OF DOUBLE STARS 


IV. 45. In pectoris crate Orionis. 

Dec. 27, Double. About ? degree following , towards 2 
1581. Orionis. Extremely unequal. L. pr.; S. dr. Diſ- 

tance with 278, 20” 3”. Poſition 62* 24 f. Sol- 
lowing. 

46. FL. 21 :: Geminorum *#. | 
Dec. 279, Double. A little unequal. Both pr. Diſtance 
1781. about 25”. Poſition 

47. FL. 3 Leonis. 

Feb. 2, Double. Exceffively unequal. L. r.; S. d.; no. 
1782, viſible with 227. Diſtance eſtimated with 460, about 

24/. Poſition a little n. following. A third ſtar in 
view. Diſtance perhaps 2'. Poſition about 1 5* 1. fol- 
lowing. 

48. H (FL. 1**) Geminorum pracedens ad boream. 

Feb, 6, Quintuple. In the form of a croſs. About; degree 
1782. n. preceding H Geminorum, in a line parallel to the 
65th Orionis and 7 Taur; the middle of three. The 
two neareſt or preceding of the five extremely unequal. 

Diſtance 20” 57”. Poſition 7 27” ſ. preceding. The 

laſt of the three, in the ſhort bar of the croſs, has an 

exceſſively obſcure ſtar near it of the third claſs. Five 
more in view, differently diſperſed about the quintuple. 


- 


The 21ſt and 20th Geminorum are not in the heavens as they are marked in 
FLAMSTEED's Atlas, ſo that it becomes doubtful whether the N? 21, is right. 


1 49. 
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IV. 49. £ (FL. 4”) Virginis fequens ad boream. 
Feb. 6, Double. 1 full degree n. following £ Virginis, in a 
1782. line parallel to ; and 8 Leonis. A little unequal. L. 
pr.; S. dr. Diſtance 27“ 28”, Poſition 56* 30“ f. 
preceding. | | 
50. FL. 17 Virginis. In peQore. 
Feb. 6, Double. Conſiderably unequal. L. w.; S. bluith. 
1782. Diſtance 20” 9”. Poſition 58* 21” n. preceding. 
51. & Virginis:: FL, 44 :: +. In ala auſtrina. 
Feb. 6, Double. A ſtar ſouth of three forming an arch, and 
1782. of the fame magnitude with the middle one of the arch. 
Extremely unequal. L. w.; S. db. Diſtance 22“ 
17“, %; inaccurate. Poſition 32* 39” n. following. 
52. * Cancri. FL. 48. In boreal: forfice. 
Feb. 8, Double. Conſiderably unequal. L. rw.; S. d. gar- 
1782. net. Diſtance 29“ 54 . Poſition 397 54 n. preceding; 
f a little inaccurate. 
53. x Geminorum. Fr. 80. Supra capita. 
Feb. ) Double. Exceffively unequal. L. garnet; S. d. 
1782. Diſtance with 460, 21“ 30”. Poſition 
Other very ſmall ſtars in view. 
54. 0 (FL. 4**) Hydræ ſequens. 

Feb. 11, Double. About f degree following 3, towards & 
1782. Hydræ. Pretty unequal. Both pr. S. deeper. Diſ- 
tance 25” 43”. Poſition 59 24“ n. following. 

55. FL. 41** Lyncis ſequens. In caudz fine. 

Mar. 5, Double. About 34 minutes n. following the 41ſt 

1782. Lyncis. Extremely unequal. L. r.; S. dr. Diſtance 
15” 52”; a little inaccurate. Poſition 50® 48' n. 
preceding; inaccurate. 


Perhaps the 45th; requires fixed inſtruments to determine. 


56e 


* 


of Double Starr. © * oh 


IV. 56. Fr. 18 Libre. 
April 3, Double. The following of two. Extremely une- 
1782. qual. L. r.; 8. b. Diſtance 17“ 59“. Poſition 
44 45 n. following. 
57. FL. 42 Come Berenices ſequens ad auſtrum. 
April 15, Double. About 3 degrees ſ. following the 42d Comæ 
1782. Berenices towards u Bootis; the vertex of an iſoſceles 
mene Extremely unequal. Diſtance with 625, 
16“ 42" Polition 46* 31“ 1. preceding. 
58. FL. 36 Come Berenices præcedens ad boream. 
April 18, 'A pretty double ſtar. About 24 degrees n. preceding 
1782. the 36th, in a line parallel to the 42d and 15th Come 
Berenices ; the following of two unequal ſtars, A little 
unequal. Both rw. Diſtance 15” 52”, Poſition 
67 57 1. preceding. | 
59. Prope a Lyræ. 
May 12, Double. About 2 or 3 minutes 1. preceding « Lyrz. 
1782. Very unequal. Both d. Diſtance with 278, 22” 20”. 
Poſition 33* 57” n. preceding. Poſition of the largeſt 
with regard to « Lyræ 59 12' 1. preceding. 
60. FL. 4** Urſæ majoris ſequens ad boream. 
June 6, Double. Near 1 degree n. following the 4th, in a 
1782. line parallel to o and þ Urſæ majoris; a pretty large 
ſtar. Extremely unequal, L. r.; S. d. Diſtance 
near 30“; but too obſcure for meaſures. 
01. C(FL. 7*) Coronæ auſtralior et præcedens. 
July 18, Double. Near 2 degree 1. preceding 7, towards »y 
1782, Corona bor. Nearly equal. Both pr. Diſtance 


16“ 46”, Poſition 4* 57 n. following. 


62. 
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IV. 62. 7 (FL. 220 Herculis auſtralior et ſequens. 

Aug. 11, Double. About 24 degrees ſ. following r Herculis, 

1782. inf a line parallel to and y Draconis; a conſiderable 
ſtar. Very or extremely unequal. L. w.; S. br. 


Diſtance 16“ 51”. Poſition 72" 15 1. preceding. 69. 
63. FL. 42 Herculis. Dextrum ſupra genu. Sep 
Aug. 11, Double. Very unequal. I.. r.; S. rw. Diſtance 176 


1782. 21” 31”, Poſition 3? 42 f. following. 
64. Prope 9 (FL. 12 Perſei. 
Aug. 20, Double. Within a few minutes of q Perſei, Pretty | 
1782. unequal. Both pr.; but S. a little darker. Diſtance 8 = 
21” 59“. Poſition 57* 57“ ſ. preceding. | 
65. Prope FL. 5** Caſſiopeiæ. $ 
Aug. 25, Double. Within 10 minutes of the 3d Caſſiopeiæ. Fs 
1782, Very unequal. L. pr.; S. r. Diſtance 20” 46”; 
very inaccurate. Poſition 41 12“ ſ. following. " 
66. 0(FL. 33”) Caſſiopeiæ præcedens. * 
Aug. 28, Double. About 13 degree ſ. of, and a little pre- 3 
1782. ceding 9, in a line from 8 continued through 8 Caflio- 
peiæ. Extremely unequal. L. r.; S. db. Diſtance 
24 2”; very inaccurate. Poſition 13* 12, n. fol- 
lowing ; inaccurate. | 
67. + FL. 40 et 41 Draconis. - 
Aug. 29, Double. A little unequal. L. W.;: 8. Pr. Diſ- C 
1782. tance 200 39“ mean meaſure; very accurate. Poſition 3 
35? 150 ſ. preceding *®. There is a third, much ſmaller 
ſtar. Diſtance 3 16” 33”. Poſition about 3o* f 


following. 


The proper motion of one of theſe ſtars at leaſt fince the time of FLAam- 


STEED is evident, as he gives us their difference in M 27, and in PD JC. Pob- 

tion ſ. preceding. Hence we have the hypotenuſe or diſtance above 3' 40“, 

inſtead of 20“ 39“ ; and the angle 96 17“ inſtead of 35 1. 
4 | 
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of Double Stars. 95 
IV. 68. FL. 77 Piſcium. In lini flexu. | 
Sept. 3. Double. A little unequal. L. wr. ; S. pr. Diſ- 
1782. tance 29“ 36“. Poſition 4* 48 n. following. In both 
meaſures the weather too windy for accuracy. 
69. FL. 23 Andromedz præcedens. 
Sept. 4. Double. Full 14 degree preceding the 2 3d, in aline 
1782. parallel to, and Andromedæ. Of two double ſtars 
in the finder the largeſt of the preceding ſet. Very 
unequal. L. r.; S. d. Diſtance with 278, 21” 58”, 
Poſition 70* 367 n. preceding. 
70. FL. 51 Piſcium. In auſtrino lino. 
Sept. 4 Double. Very unequal. L. rw.; S. d. Diſtance: 
1782. with 278, 22” 29%. Poſition 0? 360 n. following. 
71. * Capricorni. FL. 12. Trium in roſtro auſtrina. 
Sept. , Double, Pretty n. Both rw. Diſtance 23“ 
1782, 30”. Poſition gc* 457 f. preceding. 
72, FL. 55* Perſei borealior. 
Sept. 7 | 
1782, three in a line the moſt north. Pretty unequal. L. 
rw.; S. pr. Diſtance with 278, gh 51”, Poſition 
27* 2 n. following. 
73. In Conſtellatione Camelopardali. 
Sept. 7, Double. Between FL. 2 and 8 Cam.; the ſmalleſt 
1782. of two that are within 4 degree of each other. Conſi- 
derably unequal. Diſtance 19” 32/”. Poſition 85* o' 
{. preceding. . 
74. J (Fr. 68˙· ) Tauri ſequens ad boream. 


sept.) Double. Near degree n., following 9, towards . 
1782, Tauri. Very unequal. L. pr.; S. r. Diſtance 16” 
31%. Poſition 25 45 n. following. 


78. 


Double. About 4 degree n. of the 55th Perſei; of 
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IV. 75. r (FL. 66*”) Tauri ſequeas. 
Sept. 7, Double. About 13 degree n. following , in a line 
1782. parallel to Tauri and the gth Orionis. Very une- 
qual. L. r.; S. dr. Diſtance 22” 35. Poſition 
61 36“. following. 
25. FL. 13 Ceti præcedens ad auſtrum. 
Sept.g, Double. About 1 degree ſ. preceding the 13th, 
1782. towards the 8th Ceti. Confiderably unequal. L. rw. ; 
S8 . br. Diſtance with 278, 180 359%. Poſition 4024 
n. following. 
7. FL. 37* Ceti borealior. In dorſo. 
Sept. 22, Double. About 4 degree n. preceding the 37th, 
1782. towards the 36th Ceti. Very unequal. L. r.; S. dr. 
Diſtance 197 6”. Poſition 63* 24 n. preceding. 
78. y (FL. 30 Cephet præcedens. 
Sept. 279 Double. About 14 degree preceding 3, in a line 
1782. from s continued through 2 Cephei. Very unequal. 
L. r.; S. d. Diſtance 19” 32 “/. Poſition 40* 36“ n. 
following. 3 . 
79.  Cephei. FL. 13. Ad coronam. 

Sept. 27, Double. A little unequal. L. w.; S. rw. Diſ- 
1782. tance 21” 3'”. Poſition 77* 48” ſ. preceding. 
30. Þ (Fr. 2) Canis majoris borealior. | 
Sept. 30, Double. About 13 degree n. of 8 Canis majoris = 
1732. towards the 11th Monocerotis; the moſt n. of two. | : 

Conſiderably unequal. Diſtance 17“ 59/77; difficult 
to take, and perhaps a little inaccurate. Pofition 2® 24” 
n. following. 
31. » Canis majoris. FL. 6. In dextro genu. 
Sept. 30, Ade e ee, unequal. L. rw.; S. pr. Diſt. 
1782, 18” 19”, Poſition very near directly preceding. 


e Double Stars. 
IV. 82. Prope Fr. 16 Cephei. In einguls. 


bept. 30, Double. Above 3 degree following cke r6th Cephei, 
1782. in a ling parallel to and Caſfiopeiæ. Conſft =" 


10 


97 


t 


unequal. L. orange. 8. T. 3 280% 
tion 7918/0 n. preceding. 1 
$3. Fr. 26 Ceti, Supra dorſu n. 

Od. 2, 1 Very messe. 1. r. 8. ab Diſtance 


$9” i 


= 


mean meaſure. Poſition 14 88 {. preceding: | 


84. m Orionis. FL. 2 3 In er ate pectoris 


Double. Conſiderably ancquil 


oct. 2, 


L.; & pr. 


Poſition 59 33 n. fol- 


1782. Diſtance with 278, 26“ 9“. 
lowing. | 
8 5. Fl. ultima n 


Treble. The two neareſt extremely unequal. L. 
Poſition 79 230 n. 


Oct. 4, 
7782. rw.; S. d. Diſtance 20“ 27% 

peoteding, The next very unequal; S. r. Diſtance 
54 57 


; inaccurate. Poſition 44* 24' n. following. 


A fourth and fifth ſtar in view. 


$6. Fi. 8 Lacertz. In media cauda. 


OR. 4, Quadruple. The two largeſt and neareſt a little une- 


nun:. qual. Both rw. Diſtance 17” 14”. ' Poſition 84® 


30“ ſ. preceding. The two next very unequal, of the 
fourth claſs. The two remaining conſiderably en. 


of the fifth claſs. They form an arch. 


f 87. e (F. 29*") Orionis præcedens. In ſiniſtro calcaneo. 
1 


Double. About 1 degree preceding e, in a line pa- 
1782. rallel to v Orionis and 5 Eridani nearly. Conſiderably 
Poſition $2 


| unequal. ' Both pr. Diſtance bis 18”, 
8 oF n. rt : 


— 
8982 


** LXXV. 


88. 
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IV. 88. Fi. 7 Tauti. In dorſo. 
OG. 9, TR. Very unequal. L. pr.; 8. dr. Diſtance 
1782. 19“ 50“. Pofition 235 15 n. following, 

99. E teleſcopicis caudam Arietis ſequentibus. 

oa 9, Double. The vertex of an iſoſceles triangle follow- 

4782. ing r Arietis; a very ſmall ſtar. Very 3 L. 

r.; S8. d. Diſtance with 278, 20“ 3”. Poſition 

652 of f. following. | 

go. Ad FL. 18 Urſæ minoris. Prope eductionem candy. - 

OR. 12, Double. The largeſt of fix or ſeven ſtars, and 
1782. ſouth of a triangle formed by three of them. A little 

unequal. L. pr. S. deeper pr. Dillanss 260% * 1 
Poſition 3? 12“ n. following. 6 
91. FL. 2 Navis. 


A pretty double far. A little unequal, L. w.; 8. 


Oct. 1a, 
1782. W. inclining to r. | Diſtance a7” x3  Palition 69® 
12” Il. preceding. | | „5 


92. B inter et & Delphin. 
Od. 179, Treble. Between g and., but nearer to * Delphini. 
2782. All three nearly equal. al Wr. Diſtance of the two 


neareſt with 278, 21“ 330 Poluiou nn * pre- 
ceding. 


93. „FL. 4**) Lyre Game, 
od. 19, Double. About g degrees Sal. it, in a line pa- 
1782. rallel to a and 9 Lyrz,; the largeſt af Wo. Extremely 

unequal. L. w.; S. r. Diſtance ny" . 5 . . [Poſition 
E preceding. „ 
94. E borealibus releſcopiciaB —_— n 


4 


OR. 19, Double. Full 2 degrees n. preceding 90 Lyra, in a 
1782. line parallel to the 18th and ; the ſixth teleſcopic ſtar. 


Oonſſillerably 


le 


Hf 


of Double Stars. 

IV. Confiderably unequal. L. rw.; S. pr. Diſtance 22” 
53”. Poſition 5* 24' n. following. 

95. FL. 25** Monocerotis præcedens. 


99 


OR. 19, Quadruple. About 21 degrees preceding, and a little 

1782. n. of the 25th Monocerotis. Two large ſtars always to 

be ſeen, and two more only viſible in dark nights. The- 

neareſt which is that to the ſmalleſt of the two large 
ones, extremely unequal. Diſtance 20'7 27 Poſi- 
tion following. 

96. FL. 25** Monocerotis ſequens. In latere. 

od. 19, Double. About 14 n. following the 2 5th, in a line- 

1782. parallel to the 21ſt Monocerotis and Procyon. A little 
unequal. Both dr. Diſtance 18“ 19“. Poſition 
2400 ſ. preceding. 

97. FL. 29 Monocerotis. In femore. 

OR. 19, Double. Extremely unequal. L. wr.; S. d. Diſ- 

1782, tance 29” 54. Poſition 15 12“ ſ. following. Six 
more in view. 

98. « (FL. 58. Orionis ad auſtrum præiens. 

Ot. 29, Double. About 4 degree preceding a, towards 7 

1582. Orionis. Equal. Both r. Diſtance 17” 59“; alittle 
inaccurate. 3h 

99. Duarum teleſcopicarum J Sagittz ad auſtrum ſequentium 

Nov. 6, Treble. Of a trapezium, conſiſting of this treble 

1782. ſtar, d, &, and thegth Sagittæ, it is the corner oppoſite 

to F; the neareſt to & of two. The two neareſt very 

unequal. L. pr.; S. db. Diſtance 21” 22”; inac- 

curate, Poſition o o/ following. The two largeſt a 

little unequal ; of the fifth claſs. Poſition 10? 36“ f. 

preceding. 
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IV. 100. Xx Sagittz. FI. 13. Infra mediam arundinem. 
Nov. 6, Treble. The largeſt of three. The two. neareſt 
2782, equal. Both r. Diſtance 23“ 277. Poſition 10˙127 f. 
preceding. The third is a large ſtar. Diſtance above 
: minute. Poſition about 10 or 15? n. preceding the 
other two. | 
101. (FL. 245) Aurigæ borcalior et præcedens. 
Nor. 6 Double. Near 2 degree n. preceding e, in a line 
1782. parallel to the 21ſt and 8th Aurigæ. Pretty unequal. 
L. rw. 8. bluiſh. Diſtance 25 297. Poſition 
5 76 o n. preceding. 
102. FL. 59 Aurigæ. 
Nov. 6, Double. The apex of an, iſolceles triangle. Very 
1782. or extremely unequal. L. rw,; S. 
23” 30%. Poſition, 50˙ 3“ f. preceding. 
103. FL. 77 Draconis ſequitur. 
Nov. 13, Double. Near 4 degree following the 77th Dra- 
1782. conis, in a line parallel to x Cephei and the 76th Dra- 
conis nearly; of a rectangular triangle the leg neareſt, 
the Tur Very unequal. L. r.; S. bluiſh r. Diſ- 
tance 22 35. Poſition 45 48 n. following. 
104. Inter et gem Andromedæ. 
Nov. 13, Double. A little more than 1 degree n. following. 
1782. the 55th Andromedæ, in a line parallel to g Trianguli 


and Algol. Conſiderably unequal. L. r.; S. d. Diſ- 
tance with 278, 18“ 57. Poſition 229 33“ n. fol- 
lowing. 


105. J Corvi. FL, 7. Duarum in ala ſequente præcedens. 
Double. Extremely unequal. IL. V.; 81. Dif 


%. Poſition 54? of ſ. preceding. 


Nov. I 3, 
i782, tance as : an” 


106, 


Diſtance 


£O;, 


Bt, 


No 


17 


100 
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e Double Stars) |. vat 
IV « 106. * (F. 50˙ ) Ur ſæ majoris ſequens ad boream. | 


ſt Nor. 17, Double. About 14 degree n. following a, in a line 
. 1782. parallel to g Urſæ et à Draconis; the laſt of three in 
© row. Extremely unequal. - Both r. Diſtance 18“ 
Ee 553 very inaccurate. Poſition 44 3 3 . following. 


A third ſmall ſtar in vie mp. 

107. F.. 79 Pegaſi auſtralior et F | 

Nov. 20, Double. About 3 degree {. preceding the 7gth, 

1782. towards x Pegaſi; at the center of a trefoil. Very 
unequal. L. r.; S. d. [Diſtance with 278, 26 12 
Poſition 50˙ 21” n. following. 

108. FL. 69 Urſæ majoris auſtralior. 

' Nov. 20, Double. Near 2 degrees f. of the 6gth, ct 


7 

e 1782. the 63d;Urſz majoris. A very little unequal. Both r. 
Diſtance 19“ 15” ; very inaccurate. Poſition. 10® 12 

= n. following. 

= 109. FL, 62 Tauri. 

— Nev. 25, Double. Conſiderably unequal. E. w.; S. r. Diſ- 

t 1782. tance 28“ 5”. Poſition 21* 12/ n. preceding. | 

- 110. 8 (F Lo 118 9 Taus borealior et ſequens. 


Dec. 24, Double. About 14 degree n. following G t 

1782. towards 0 Aurigæ; the ſecond in that direction. Very 
unequal. I ti Danes 16” 1”, Poſition 
74* 54 n. preceding, OTE 

ail. FL. 54 Cancri. 

Dec. 28, Double. A little e Both rw. S. a little 

1782. darker, Diſtance 17”, 14” * Poſition 299% 0“ 1. fol 
lowing. 

112. y (FL. 15") Crateris ſequens * boream. 

Jan, 1, Double. About 1 degree n. following y Crateris, in 

1783. a line parallel to 3 Corvi and Spica. Equal. Both pr. 

Diſtance 


9 — 
_ 
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113. FL. 61* Cygni borealior et præcedens. 


IV. Diſtance 26” 15; too low for accuracy. Poſition 
58 42” n. preceding or ſ. following. 3 


Jan. 6, Double. About 14 degree n. preceding the 61ſt, in 
1783. a line parallel to v and a Cygni. Very or extremely 
unequal. L.r.; S. db. Diſtance with 278, 170 30”, 
Poſition 28* 24' n. preceding. A third ſtar in view. | 
114. 7 (FL. 12) Virgins auſtralior. 
Jan. 83, Double. About 14 degree ſ. of # Virgihis. Very 
1783. unequal, L. pe-; 8. d. Diſtance 23” 21”. Poſition iſ 
15* 54” n. preceding. | 
115. © (FL. 11*") Herculis præeedens ad auſtrum. 
Jan. ro, Double. About 24 degrees ſ. of, and a little pre- 
1783, ceding o, in a line parallel to y and 7 Herculis; the i 
largeſt of three or _ Extremely unequal. L. r.; 
S. b. Diſtance 20“ 54%. Poſition 43* 48“ n. fol- 
lowing. 5 
116 *. Fr. 8 3˙ Pegaſi ſequens ad borem. 
Jan. 13, Double. Equal. Both w. Diſtance 28” 59“. 
178 3. Poſition 68 21“. Mr. C. Marx, in 1777, ſettled its 
place Koh. 52” 53“ in time, and 20˙ 17“ 53” in de- 
clination N. 

117. FL. 425 Eridani auſtralior. 
Jan. 3, Double. About 14 degree ſ. of the 42d Eridani, in 
1783. a line parallel to Rigel and Leporis; the moſt ſouth 
and following of three. Very unequal. L. r.; S. r. 
Diſtance 19” 327, Poſition 31* 487 f. preceding. 4 
118. (F.. 48˙ Cancri ſequens. 5 
Feb. 5, Double. Full 4 degree following the 48th, in a line 
1783. parallel to 3 Cancri and : Leonis; a very fmall ſtar, 
next to two more which are nearer to :. A little une- 1 


# 
9 u 5 | 1 
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IV. qual. Diſtance 24” 6”. 
lowing. 
119. + (FL. 68) Virginis præcedens ad 8 
Feb. 3, Double. About 1 degree ſ. preceding the 68th, in a 
1783. line parallel to the goth and & Virgi ginis. Extremely 
unequal. Diſtance 21” 49 . Poſition 36* 547 n. 
preceding, 
120, FL. 8a Piſeium ſequens ad A 
Feb. 2), Double. About 4 degree n. following the 82d Piſ- 
1733, cium, in a line parallel to a and g Trianguli; the 
largeſt of two. Conſiderably puequal. L. rw.; S pr. 
Diſtance 18“ 19“. — 20* of . proceding A 
third nv. 2951 
121. 6 Scorgii F. 20. pracedens trium an in corpore. 


the r. 2, _ Double, | Very unequal. L. whitiſn; S. r. Diſ- 
r. 15. tance 21 0. Paſition 0? of os perhaps 1*) n. pre- 


ol- ceding. 
122. Fi. 32 Opbinets pere et — 

W Mar.7, Double. Near 1 degree n. af, and a little preceding 
%, 2383. the gad Ophinchi, ia line parallelito a and » Herculis. 
its Voy ——— — 1 Poſition 25* 3 f. 

12g. Fl. 19 Ophiuchi. „„ 5 
ur. 9, Double. The maſt ſouth 0 two. Very wnequal: 
1183. L. pr.; S. d. Diftater ao ws Poſition yy 9 1. 
following. 


124. 1 (FL, 45% Ophiudhi pieeqedens a 


2583. in a line parallel to u Qphiuchi and « Scorpii; in the 


baſe of a triangle, the neareſt to . A little unequal. 
C Both 


Poſition out 25® n. fol- 


Mar. 24, Double. About '$ degree preceding and a little ſ. of "AY : 
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IV. Both an tol r. Diſtance 15” — * Poſition 
62? 54 n. following. 
125. FL.. 29 Camelopardal. V 
April z, Double. Very unequal. L. pr.; S. d. Diſtanee 
* 22“, 26%; very inaccurate. - Pofition 47 190% . fol · 
| - Jowmg; a little! inaceardes pot? fi moon 
126. > (FL. 22*) Cephet boreahor et præcedens. 
April ao. Double. Leſs than 4 degree n. preceding ac! in a 
1783. line almoſt parallel to à and F Cephei- a conſiderable 
ſtar. A little en Both dw. Diſtance 18” 50%. 
— Poſition 45 39“ n. preceding 
1 27 +. A (FL. 16**) Aquilz ſequens ad land 6 
May 21, Double. About 24 degrees n. following the fartheſt 
1783. of two which ate about 11 degree from x, in a line 
parallel to à and à Aquilæ. Very unequal. - L. rw.; 
8. dr. Diſtance 17” 14%; more exact with 932, 15 
52%. Poſition 69˙ 54. n. preceding. Mr. P:icoTrT, 
who favoured me with it, * its — AR 1 _ 
52'5 , Declination 17 of 8. 
_Y + (FL. 5 jam) Andromedæ Ry ad dafirbes, | 
July 28, Double. About 13 degree ſ. preceding y almoſt 
1783. towards G Andromedæ; more exact towards 's Piſcium ; 
one not in a row of ſtars which. iare near that plack, 
Conſiderably unequal. E. pr.; S. dr. Diſtance I 5” 
ve" Pofition 24* 12“ n. following. 
129. FL. 59 Andromedæ. Z U1WOI 
July 28, Double. A little dy L. rw.; Sa pr. Diſs: 
783. tance 15” 15”%Pofition: 552 9” n. _— A thars. 
ſtar in view about 1 ſ. preceding. ft 3 
vp +; o 1:51 20 od Siena 8 10 950 = 
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IV. 130. » (FL. 99) Piſcium borealior et ſequens. 
Aug. 2, Double. About 14 degree n. of, and a little fol- 
1783. lowing y Piſcium, in a line parallel to g Arietis and 8 
Trianguli; the laſt of four in a crooked row. Very 
unequal. L. r. S. darker r. Diſtance with 278, 
15” 49”. Poſition 625 15“ n. following. 


131. FL. 100 Piſcium. 

Aug. a, Double. Pretty unequal. L. pr.; S. r. Diſtance 

1783. 15” 52”. Poſition 5* O“ n. following. 

132. FL. 460% Aquilz ſequens ad boream. 

Aug. 6, Double. About } degree n. following 46 Aquilæ, in 

1783. a line parallel to « and Sagittæ. Very unequal. 
L. r.; S. db. Diſtance 22” 44”. Poſition 41 24 
n. preceding. 


FIFTH CLASS OF DOUBLE STARS. 


—_— 
* 
# 
* 


; V. 52. Secunda a Geminorum þ verſus. 
. Dec. 2), Double. The ſecond ſtar from towards 2 . 
fs 1781, rum. Pretty unequal. L. r.; S. b. Diſtance 35” 5 


ny inaccurate. 

53. P Geminorum. FL. 63. In inguine ſequentis I. 
Dec. 2, Double. The brighteſt of two. Extremely une- 
1787. qual. L. pr.; S. d. Diſtance 44” 15” 

54. 6 Hydræ. FL. 22. Duarum in eduCtione cervicis ſequens. 
Jan. 20, Double. Exceffively unequal. L. w.; S. a point. 
1782. Diſtance near 1 minute, too obſcure for meaſures, and 
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V. not viſible till after having looked a good We at 4 
Poſition about 75? 1. following. 

55. Ad Fg. 12 Geminorum. In pede ][* præcedentis Giniftro. 
Jan. 30, Treble. A ſmall ſtar near the place of the 12th 
1782. Geminorum. The two neareſt a little Diſ 

tance leſs than 10. 

56. FL. 15 Geminorum. Dextrum prioris Li pedem attingens, 

Jan. 30, Double. CORY or very unequal. L. r.; S. d. 
1782. Diſtance 32“ 39%. Poſition near 60* ſ. preceding. 

57. Fr. 9f Orionis | borealior et _ In exuviarum 

ſummo. 


Feb. 4, Treble. More than 1 — n. following the gth ä 


V. 


Feb 


2782, Orionis, towards the 11 3th Tauri; the largeſt of two. 
The two neareſt confiderably unequal. L. rw.; S. rw. 
Diftance with 278, 36” 26”. Poſition 33* 36'. The 
fartheſt very unequal. S. r. Diſtance Vth Claſs. Po- 
fition following. p 6 
58. FL. 7 Leonis. Supra pedem borealem anteriorem. * 
Feb. 4, Double. Very unequal. L. rw.; S. r. Diſtance 
1782. 422%. Poſition 8* 36“ n. following. — 
59. Cancri. FL. 31. In quadrilatero circa Nubem. 
Feb. 6, Double. Extremely unequal. L. r.; S. d. Diſ- 67. 
1782. tance 44 52“. Poſition n. following. 4 
60. (FL. 95*”) Leonis præcedens; ad caudam. 5 


Feb. 9, Double. Near 45 degree ſ. preceding the 95th, in a I 
1782. line parallel to g and g Leonis. Very unequal. L. rw.; | 
S. dl. Diſtance 237”. 15” , Soliton 70 48“ n. fol- s. 
lowing. | = 
61. FL. $1 Leonis. In clune. 
Feb. 9, Double. Extremely unequal, + Pp, aug 
1782. tance 57“ 23”. Poſition 
2 
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V. 62. FL. 57 Leonis. E poſteriores pedes præcedentibus. 


Feb. 11, 1782. Double. Very unequal. Diſtance 3 
63. FL. 25 Leonis. In infimo pectore. 


1782. L. pr.; 8. d. Diſtance 52” 46%. Poſition 
64. FL. 43* Leonis auſtralior. Ad ſiniſtrum anteriorem cu- 
„Daun. b 
Feb. 17, Double. New I degree ſ. of the 43d, in a line pa- 
1782. rallel to y and % Leonis. Extremely unequal. L. w. 
| inclining to r.; S. db. Diſtance 59” 40”. Poſition 
65. Secunda ad r Cania majoris. FL. 17. In pectore. 
ur. 3z, Treble. The w_ none very raren. L. rw.; 
2782. S. 1. Diſtance 44” 52. Poſition 64 12 ſ. following. 
The two fartheſt r or extremely unequal. S. r. 
Diſtance Vth Claſs. Poſition about 8 5 ſ. preceding. 
The three ſtars form a rectangle, the 1 of 
which contains the largeſt and ſmalleſt. 
66. P (FL. 6390 Geminorum borealior. 
Mar. 3, Double. About 3 degree n. of, and a little pre- 
1782. ceding p, in a line parallel te u and « . 
Very unequal. L. pr.; S. d. Diſtance 360 39“ 
Poſition 15 or 2 n. preceding. 
67. Pollucem prope. In capite ſequentis Ii. 
Mar. 3, Double. Near 1 degree n. following G, in a line 
1782, from d continued through g Geminorum nearly; the 


ace 


abs fartheſt and ſmalleſt of three. Conſiderably unequal. 
15 5 L. r.; S. dr. Diſtance 47 37” 
" 68. Fr. 75m" Leonis præcedens ad boream. 

iar. 5, Treble. One of two n. preceding the 7 «th, in a 
iſ. | £782, line parallel to the 84th and 5th Leonis. The two 


8 neareſt 


Feb. 17, Double. The largeſt of two. Men 2 
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V. neareſt very unequal. Diftance 540 37. The far. 
theſt extremely unequal. | 

69. FL. 7 Leonis minoris. In extremo anteriore pede. 

Mar. 1a, Double. The largeſt of two. Extremely unequal, 

1782. L. pr.; S. r. Diſtance 58” 15”. 

70. FL. 2 Bootis præcedens ad boream. 

pril , Double. Near 3 degrees n. preceding the 2d Bootis, 

1782. towards the 43d Comæ Ber.; the preceding of three in 
a line parallel to « and ) Bootis. A little unequal. = 
L. r.; S. darker r. Diſtance 56 56”, Poſition 9* of if 


ſ. preceding. 77 
71. Prope yy (FL. 24 Geminorum. = 4A 
April 15, Double. Three or four minutes. n. preceding 7 Op 3 I 


1782. minorum. Of the Vth Claſs. More in view. 
72. + mHerculis. FL. 36 et 37. In ſiniſtro Serpentarii brachio. 1 
May 18, Double. A littie unequal. L. bluiſh w. S. reddiſh 
1782. W. Diſtance 59” 59”. Poſition 36* 57 ſ. pre- 

ceding * 7 

73. 7 Urſz majoris. FL. 14. Duarum in collo præcedens. 5 
June 11, Double. Extremely unequal. L. w.; S. d. Dif- 

1782. tance 54 46”. Poſition about 45 n. following. 

74. S (FL. 72 Serpentarii borealior. 4 
June 16, Double. More than 1 degree n. following the 56th BI 2» 

1982. double ſtar of the IIId Claſs ; nearly in a line parallel to 


the 62d and 72d Arent, Very unequal. L. w.; 800 
S. r. Diſtance 40” 54%. Poſition 3915“; inaccurate, MY A 
Ho 


* One of theſe ſtars, at leaſt, ſeems to have changed its place ſince the timc | 
of FLAMSTEED, who makes their difference in R.A. 45”, and in P.D. 1' 35” : | 
Pofition ſ. preceding; hence we have the hypotenuſe or diſtance above 1' 45 
inſtead of 59“ 50, and poſition bg? 46' inſtead of 36* 57'. 
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V. 75. E teleſcopicis s Coronz borealis ſequentibus. 


July 18, Double. About 1 degree f. following e, in a line 

1782. parallel to 8 and : Coronz; the preceding of three 
forming an arch. 3 unequal. L. r.; 8. 
darker r. Diſtance 41” 12”. Poſition 16 o' ſ. fol- 
lowing. 

76. G Aquaru. FL. 22. In ſiniſtro humero. 

July 20, Double. Rags; 4 unequal. L. w.; S. d. Diſ- 

r782, tance about 3 gy” 10” z very tains. Pofition 
55* 48. 

77. 4 (FL. 43˙) Sagittarii borealior et ſequens. 

Aug. 4, Double. A few minutes n. following the 43d, in a 

1782, line parallel to o and 7 Sagittaru; the neareſt of two. 
Extremely unequal. L. w.; S. d. Diſtance with 278, 
36“ 3 “%. Poſition 78* 45' 1. following. 

78. & Sagittarii. FL. 38. Trium ſuper coſtis ſub axilla. 

Aug. 4, Double. Extremely unequal. L. r.; S. d. Diſ- 

1782, tance Vth Claſs. Poſition 28* 6” n. proceding. A 
third ftar. Diſtance about four times as far as the 
former. Poſition alſo n. preceding. 

79. FL. 9 :: Caſſiopeĩæ. 

Aug. 25, Double. Of two in a line parallel to g and , that 

1782. towards y . Very unequal. L. w.; S. pr. 
Diſtance 52“ 39“. Poſition 50 36“ n. preceding. 

80. 1 Aquarii. FL. 69. Duarum in dextra tibia borealior. 

Aug. 28, Double. Very unequal. L. rw.; S. d. Diſtance 

1782. 36” 47”. Poſition 19 54“ ſ. following. 

81. FL. 35 :: Caſſiopeiæ. In fyniſtro crure. 

Aug. 28, Double. Conſiderably unequal. L. rw.; S. br. 

1332, Diſtance 42” 35 Poſition 85* 12“ n. following. 


82. 
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Aug. 28, Double. Near 4 degree n. preceding y, in a line pa- 
1782. rallel to « and g Caſſiopeiæ. Nearly equal. Both pr. 
. Piſtance 43” 26“. Polition 7 48“ n. following. 

83. Calſſiopeiæ. FL. 36. Sub pede ſiniſtro. 

Aug. 28, Double. Very unequal. L. pr.; S. r. Diſtance 
1982. 33” 5 Poſition 10% 12' 1. following. 

84. FL. 47 :: Caſſiopeiæ. Ex obſcurioribus infra pedes. 

Aug. 29, Double. The largeſt of three forming a rectangular 
1782. triangle on, or near, the place of the 47th Caſſiopeiæ. A 


little Wet. 1 pr. Diſtance 50// 58", 


Poſition 3? 330 n. preceding. 
85. e (FL. 270 borealior et præcedens. In dextro brackio. | 
Aug. 29, Double. About 5 degree n. preceding þ Andromede 
1782. b verſus. Very unequal. L. rw.; S. r. Diſtance 30” 
57”. Poſition 79? 24 n. following. 
86. FL. 12 Urſæ minoris. 
Sept. 4, Treble. Extremely unequal. All three r. The 
1782. neareſt is the ſmalleſt. Poſition ſome degrees ſ. follow- 
ing. The fartheſt alſo ſouth, but more following. 
87. c Capricorni. FL. 7. Sub oculo dextro. 
Sept. , Double. Very, or ns n unequal. L. r.; 
3782. S. d. bluiſh, Diſtance 50“ i Poſition 85 12“ 1. 
following. 
88. a (FL. 15*) Aurigæ borealior. 1 ſiniſtra manu. | 
Sept. 5, Double. About 7 or 4' n. owing the 15th Au- 
1782. rigæ. Very unequal. Diſtance 34” 15”, mean mea- 
ſure. Poſition 54 6' ſ. preceding. 


V. 82. » (Fr. 2 5 Caſſiopeiæ præcedens. In ſiniſtra manu. 


” IF 


94. 
Sept 
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V. 89. 0 Aurigæ. FL. 37. In dextro carpdo. * 
Sept. 5, Double. Exceſſively unequal. L. fine w.; S red- 
1782. diſh.. Diſtance with 460, 35” 18”, narrow meaſure. 
Poſition 169 o” n. preceding. A third ſtar in view. 
90. » Aurige. FL. 32. In dextri brachu ancone. 
sept. 5, Double. Exceſſively unequal. L. orange w.; S. r. 
1782. Diſtance 53” 43. - Poſition 61* 48” ſ. preceding. S. 
not viſible till after ſome minutes attention. 
91. G (FL. 34*) Aurigz adjecta. In dextro humero. 
Sept. 5, Double. Near 4 degree f. following B, in a line 
1782. from the 27th continued through 8 Aurigæ; a conſi- 
derable ſtar. Very or extremely unequal. L. pr.; 8. 
d. Diſtance 30“ 3%. Poſition f45 6' n. preceding. 
92. FL. 34 Arietis borealior. 
Sept. 10, Double. Full 4 degree ſ. following the 3d Arietis, 
1782. in a line parallel to « Arietis and d Ceti ; the moſt ſouth 
of two. Equal. Both reddiſh. Diſtance 51” 16”, 
Poſition 52* 45” n. preceding or ſ. following. 
93. FL. 103˙ Herculis ſequens ad auſtrum. 
Sept. 19, Double. About 14 degree ſ. following the 103d 
- 1782, Herculis, in a line parallel to the 1ſt and 1oth Lyræ; 
the neareſt of two. Equal, perhaps the following the 
ſmalleſt. Both r. Diſtance 47” 46”. Poſition 45? 
420 1, following. 
94. Duarum Fr. 31* Cephei ſequentium auſtrina. 
Sept. 35, Double. About 3 degree n. of the ziſt Cephei, 
1782, towards « Polaris. Pretty unequal. Both pr. Diſtance 
41” 40“. Poſition 45515 ſ. following. 


= 


* 
— 


95. FL. 51 Aquarii. In dextro cubito. 

Ot. 2, Double. Exceſſively unequal. L. rw.; S. d. Diſ- 
1782. tance Vth Claſs. Poſition n. preceding. Two 
other 
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V. other ſtars in view; the neareſt of them extremely 
unequal. Poſition about 80 or 90 f. preceding. The 
fartheſt very unequal. Poſition about 300 ſ. following, 

v (FL. 59 * Aquarii ſequens ad auſtrum. 

Oct. 2, Double. About 4 degree ſ. following v, in a line 

1782, parallel to 3 and c Aquaru. Extremely unequal. Dif. 

tance Vth . near. Poſition 15 or 20 ſ. pre- 
ceding. 

97. FL. 10 Lacertæ. 
Od. 4, Double. Very unequal. L. w.; S. r. Diſtance 
1782. with 278, 52“ 34”. Poſition 38 45 n. following. 

98. FL. 3 Pegaſi. 

Oct. 4, man Pretty unequal. L. wr.; S. dr. Diſtance iſ 

1782. 34 43+ Poſition 82 48” n. preceding. Beſides II. 

62. another ſtar in view, Poſition following. 

99. FL. 33 Pegaſi. 
oa. 4, Double. Sn, unequal. L. pr.; S. r. Diſ- 
1782. tance with 278, 45 . Poſition 89* 12“ n. fol- 

lowing. 

100. FL. 59 Orionis. 

Oo. 4, Double. The following of two. Extremely une 


1782. qual. L. w.; S. a point requiring ſome attention to 
be ſeen. Diſtance 37” 15“. Poſition about 65 f. 
preceding. 1 


101. v (FL. 36%”) Orionis 2 | 
OR. 4, Double. About + degree preceding v, nearly in 2 
1782, line parallel to x and g Orionis; the ſecond from u. 
Extremely unequal. L. w.; S. r. Diſtance 44“ 
15%. Poſition about 15 f. following. 
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V. 102. F... 61 Ceti. n | 

Hoa. 12, Double. mir — . rw.; 8. dr. Diſ- 

4782. tance with 278, 37” 53”, Pofition 76? 21“ ſ. pre- 

ceding. A third ſtar at e diſtance. A little une- 
qual. Poſition n. following. | 

03. Ab. (Fr. 18*) Lyra g verſus. 

oa. 24 Double. Full ; degree ſ. preceding , nearly towards 
þ Lyre. Extremely unequal. L. W.; S. r. Diſtance 

with 278, 45” 32 Pofition 20 12“ n. following. 

W :04: « (FL. 4? Sagittæ auſtralior et præcedens. 

Ve. 6, Double. Full 4 degree 1. preceding e, in a line pa- 

1782. rallel to y Sagittæ and Aquilæ; the neareſt of two. 

Extremely unequal. L. pr.; S. d. Diſtance Vth Claſs. 

| Poſition 16? 18* f. following. | 

W 105. „ (FL. 145) Sagittæ auſtralior et ſequens. 

W Nov. 6, Double. About + degree ſ. following y Sagittæ, in a 

1782. line parallel to Sagitta and Delphinus. Conſiderably 

unequal, L. pr.; S. r. Diſtance 38“ 36”. Poſitiou 

74 150 1. following. 

106. „(Fr. 120 Sagittæ borealior et præcedens. 

Nor. 6, Double. About 11 degree n. preceding 7 Sagittæ, 

1782. towards the 6th Vulpecule; a confiderable ſtar. 

Equal. Both rw. Diſtance 38“ 54”, Poſition 60? 

4.2' n. preceding or ſ. following, 

107, FL. 56 Aurige. 

W Nov. 6, Double. Confiderably unequal. L. W.; S, pr. 

1782. Diſtance 52“ 57”. Poſition 72 36“ n. following. 

108. « (FL. 135) Canis majoris boreabor. 

W Nov. 6, Double. About à degree n. of x Canis un ba 

1782, little unequal. L. dw.; S. d. Diſtance 42“ 53 

Poſition 235 18” n. following. 


Vor.. LXXV. Q 109. 
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V. 109. Inter 3 Cancri et 5 Hydre. 
Nov. 6, Double. A large ſtar not in FLAMsTEED, between 
1782. Cancri and 5 Hydræ. Excefiively unequal, Diſtance 
35 24% Poſition 55% o n. preceding. 
110. FL. 111 Tau. 
Nov. 13, Double. Very ant EL. rw.; S. r. Diſtance 
1782. 46" 42. Poſition 30 480 n. preceding. 
111. F. 425 Urſæ majoris b et ſequens.. 
Nov. 20, Double. Full 1 degree 1. following the 42d, in a 
1782. live parallel to the 29th and 48th Urſæ majoris ; the 
middle of three forming an arch. Couſiderably une- 
qual. L. wr.; S. r. Diſtance 30 40 Poſition 
51® 27” n. following. | 
112. Ex obſcurioribus E and i Geminorum fequentibus, 
Dec. 1, Double. Forms almoſt an ifoſceles triangle with 1 
1782. and Gemmorum. Nearly equal. The preccding pr. 
the following wr. Diſtance Vth Claſs. far. 
113. * FL. gf” inter et 11* Orionis, 
Dec. 7, Treble. About 14 degree f. preceding the 11th 
1782. Or jonis, towards: Tauri. The two largeſt conſidera- 
bly unequal. L. w.; S. pr. Diſtance 37” 51“. Po- 
ſition 33? 54 n. preceding. The third farther off and | 


Dec. 


ſmaller. S. r. Poſition n. following. 178 
114. FL. 103 Tauri. 
Dec. 7, Double. Exceſhvely unequal. L. rw.; S. d. Dil- 
1782. tance with 278 and 625, 30” 2”, mean meaſure. Po- 
fition 72” 24”. 
115. Tauri. FL. 114. hs 
Dec. , Double. Exceſſively unequal. L. w.; S. a point. xmas 
1782, Diſtance 5.“ 34”. Poſition 77 54 1. preceding. IXXI 
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V. Two other ſmall ſtars following, and a- third to the 
nort li. je * 
M6. F. 41 Arietis. 
Dec. 23, Treble. The two 40 exceſſively unequal. L. w.; 
1782. S. a paint. Diſtance with 278, 39” 20%. Polition 
80480 f. JR For the diſtance of the fartheſt, 
fee VI. 3. 
117. & (Fr. 58˙⁰ 4 . ad boream. 
Dec. 23, Double. About 14 n. preceding &, towards the 41ſt 
1582, Arietis; the following of four forming an arch. Very 
unequal. Both dr. Diſtance 34” 48“. Polition 47 
33“ n. preceding. | 
118. (Fl. 465) Orionis borealior et præcedens. 
Dec. 28, Double. The moſt n. of three preceding 6 Orionis, 
1782, towards uy Tauri. More north is another tet of three ; 
care mult be taken not to miſtake one of them for this. 
Extremely uncqual. L. rw.; S. d. Diſtance Vth 
Claſs. Poſition 13 6' ſ. preceding. Two more fol- 
lowing, exceſſively unequal ; one about 1, the other 
about 14 minute. 
119. 5 (Er. 46*) Oriouis auſtralior et 8 
Dec. 28, Double. Pull à degree ſ. preceding e, in a line pa- 
1782. rallel to e Orionis, and þ Eridani ; the ſmalleſt and moſt 
ſ. of two. Very unequal. L. w.; S. r. Diſtance 300 
12% ; a little inaccurate. Poſition 217 33 { preceding. 
A third ſtar 2 or 30 f. following. 


* The ſtar VI. 5. in the place referred to is called FLAusrkEp's 35th 
Arietis. With ſo many ſtars and meaſures it was hardly poſſible to avoid ſeveral 
errors, I have therefore now added to the errata already given at the end of vol. 
LXXII. and LXXIII. of the Phil. Traaſ. ſome others, that have fince been detected 
dy a careful review of the double ſtars, and believe that no more will be found. 
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V. 120. Fr. 15 Hydra. + 
Dec. 28, Double. Extremely el L. w.; S. r. Dit 
1782. tance 43” 2”. Pofition about 70® n. FR * Wo 
121. e Comz Berenices. FL. 12. 
Fan. 1, Double. „ n L. rw.; S. pr. 
1783, Diſtance 58“ 35”. Polition about 77 . following. 
122. FL. 44 Bootis e et precedeus. b 
Jan. 8, Double. Near # degree ſ. preerding tlie 44th, 
1783. towards. the 38th Bootis, Very unequal. L. bw.; 8. 
pr. Diſtance 54” 2x”. Pulition 67:6 men 
123. lm Andromedæ pectore. 
8. Double. Equal. Both rw. or pr. Diffance: „ 
Poeftion 327 24/ f. precedi ing. Its * as determined 
irn 777 by C. Mavyes, is A oh 34” 33 in time, and 
29 45 3 dechnation north, 
124. g (FE. 2 Centauri ſequens ad auſtrum. 

Tan. 3, Double. Abour 14 degree ſ. following g Centauri, 
1783. in a line parallel. to y Serpentis and 8 Centauri; the 
maoſt ſ. of two.. Confiderably. —_— Diſtance 54 

Jö; too low for accuracy. 
125. FE. 46 Bootis ſequens ad boream.. | 
Feb. 3, Double. Near 2:degrees-n. following the 46th, 3 in a 
1783. line parallel to 7 Bootis and g Coronæ; the third: ſtar 
about that direction. n unequal. L. r.; 
S. darker r. Diſtance 33. 53“. Poſition 37“ 33“ 1. 
preceding. 
126. 7 (FL. 5) Herculis præcedens ad DIY 
Feb. 33 Double. Near 4 degree ſ. preceding 7 Herculis, in 
1783. a line parallel toy and 3 Serpentis; a ſmall ſtar. A 
little unequal. Both pr. Diſtance 37” 51/”, rather 
full meatare. Poſition 52% 6' f. preceding. 
. 127 
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v. 127. (FL. 41 Herculis præcedens ad boream. 
Feb.s, Double. About ;; degree n. preceding the 41ſt Her- 
1783. culis, in a line parallel to. « Serpeutarii- and g Herculis. 
Pretty unequal. Both r. Diſtance 48” 40%. Poſition. 
19* 45” n. preceding. 
r28. (F.. 69%") Virginis ſequens. 
Feb. 7, Double. About 11 degree following l Virginis, | 
1783. in a line n to Spiea and g Libræ. A little une - 
qual. L. pr.; S. r. Diſtance 41“ 58”. 
129. 7 (Fr. 25˙ ) Virginie ſequens ad boream. 
Feb.), Double. About 14 degree n. following /, in a line 
1783. parallel to y and e Virginis; a large ſtar. Very une- 
qual. L. r.; S. dark r. Diſtance 46“ 42%. Poſition: 
6 or 7 ſ. following. A double ſtar of the Vth Claſs. 
in view, preceding. | | 
r30. FL. 35 Coma Berenices. 
Feb, 26, Double. Very unequal. 15 r. 5 S. d. Diſtance 
1783. 31” 17”. Poſition 367 510 f. following. 
131. Fr. 245m Libre ſequens ad boream.. 

Mar. 1, Double. About 14 degree n. following the 24th 
1783, Libræ, in a line parallel to x and g Scorpii. Conſidera- 
bly unequal. L. w.; S. r. Diſtance 47“ 9 * 

r32. FL. 29 inter et 30 Libre. 
Double. Of two between the 29th and zoth- Libre: 
5 W.; S. d. 
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Mar. I, 
1783, that neareft to 1 zoth. Very unequal: 
Diſtance 39“ 59%; very inaccurate. 
133. FL. 60 Herculis. | 
Double. nn unequal. L. w.; S. d. Diſ- 
1783. tance 48” 40%. Poſition 377 of n. preceding, 


Nlar,  þ 


134. 
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V. 134. J (Fr. 4*®) Ophiuchi præcedens ad auſtrum. 
e Double. About 1 degree preeeding and little ſ. of 
1783. , in a line parallel to + Ophincht and » Scorpii; the 
fartheſt * w_ in the baſe of a triangle. Equal. Diſ- 
tance 45” 47 
135. Ad FL. 49 E— Rien % 44.48 
April 4, Double. The ſmalleſt and moſt f. of two that are 
1783, about 20” afunder. A little unequal. Both r. Di- 
tance with 278, 38“ 18”. Poſition 85* of ſ. preceding. 
136. (Fr. 655) Aquilæ borealior. 3 
Sept. 12, Double. About + degree n. of 0; in a line parallel 
1783. ton and g Aquilæ; a conſiderable ſtar. un 
unequal. L. pr.; S. r.; Diſtance with 278, 47 3 
Poſition 65 48” ſ. preceding. 
137. x (FL. 17% Cygni borealior. 
Sept. 22, Double. About 14 degree n. of x, towards q Cygni; 
1783. 2 conſiderable ſtar. Confiderably unequal. L. garnet; 
S. r. Diſtance with 278, 35” 1”, Poſition 57* 7 n. 
following. | 1 


? 


SIXTH CLASS OF DOUBLE STARS. 


VI. 67. 1 Orionis. Fr. 28. In extremo. enſis manubrio. 
Dee. 27, Double. Exceſſively unequal. L. w.; &. d. Diſ- 
1781. tance 17 50” 57%. Poſition 35 12/ n. following. 
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FI. 68. y (Fr. 28) Orionis auſtralior. 

bee. 27, Double. About 4 degree ſ. of, and a little follow- 

1781. ing 4, in a line nearly parallel to q and 9 Orionis, Very 
unequal L. r.; S. d. Diſtance 2 0% 11”, Poſition 
7 54 u. preceding. 

by. FL. 14 Arietis. Supra caput. 

Dec. 27, Double. Very unequal. L. pr.; S dr. Diſtance 

1781. K 29“ 28“. Poſition 1:® 72 n. preceding. 

70. 0 Gemmorum. FL. 70. Supra caput priorts I.. 

Dec. 27, Treble. Or two ſmall ſtars in view; the nearaſt a 

1581. little more than 1 minute; the other not much farther. 

71. 7 Hydre. FL. 31. Trium in flexu coll: auſtraliſſima. 

Jan. 20, Double. Pretty unequal. L. w. inclining to roſe 

1782. colour. S. pr, Diſtance 101“ 40%. Poſition 88 36“ 
n. preceding. | 

72. Ad FL. 68˙ Oriouis. In fuſte. 

Jan. 3, Double. The moſt n. of two that are 1 degree 

1782. aſunder. Very unequal. L. w.; S. dr. Diſtance 
with 278, 1' 12” 50“. Poſition 41 O ſ. preceding. 

73. Geminorum. FI. 27. In boreali genu præcedentis Ii. 

Feb. 2, 1782, Double. L. W. Diſtance 1 50” 30“. 

74. FL. 51 Geminorum. 0 

Feb. 2, Has two very obſcure ſtars in view. L. r.; S. r. S. r. 

1782, The neareſt about 12, the next 2 minutes. Poſition. 
of both about 40 or 50 n. following. 

75. „ Cancri. FL. 4. Ad primum borealem forficem. 

Feb.2, Has. a very obſcure ſtar in view. L. pr. Diſtance 

1782. about 14 minute. Poſition about 30 n. preceding. A 
third about 2/. Poſition more north. 
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VI. 76. 0 Leonis. FL, 14. | 
Feb. 2, Double. Extremely unequal. L. rw. S. r. Dif 
1782, tance 1* 3” 29%. Poſition 49? 36“ n. following. 

77. 1 Virginis. FL. 93. 

Feb. 4. Double. Very unequal. L. w.; S. dr. Diſtance 
1782. 17 87“ 23”, 

78. 7 (FL. 16*") Cancri ſequitur. 

Feb.8, Double. About 4 degree following 7 Cancri, towards 
1782. 7 Leonis. Extremely unequal. Diſtance 1” 3” 47”. 

79. © Leonis. FL. 74, 

Feb.g, Double. Very unequal. L. w.; S. pr. Diſtance 
1382, 1' 33” 35”, Poſition about 10 or 125 n. preceding. 

80. FL. 93 Leonis. 

Feb.g, Double. Very unequal. L. w.; S. db. Diſtance 
mm. oy”. -- 

81. FL. 27 Virginis. In ala dextra. 

Feb. 9g, Double. Extremely unequal. L. w. Diſtance 
1782. 1' 28” 48”, 

82. FL. 31 Monocerotis. In media cauda. Mo 
Feb. 9, Double. Very unequal. L. rw.; S. db. Diſtance 
1782. 1' 10” 13”. Poſition 40? o' n. preceding. 

83. Prope FL. 1* Orionis. 

Feb.g, Double. A few minutes ſ. following the 1ſt, towards 
1782, the belt of Orion. Conſiderably unequal. L. pr.; S. 

r. Diſtance 1' 20” 58'”, Poſition 88* 15“ n. fol- 

lowing. 

84. FL. 14 Canis minoris. 

Feb.g, Treble. The neareſt extremely unequal. L. rw.; 
1782. S. d. Diſtance 1' 5 28/7, Pofition 26 24 n. fol- 

lowing. 


VI. lowing. The third forms an angle, a little latger KY . 1 
a rectangle, with the other two. Poſitien {, following, 
85. FL. 27 Hydræ. 


Feb. 9. Double. Very unequal. "M rw. S. pr. Diſtance 
1782. VIth Claſs far. Poſition about 60® . preceding. 


86. Prima ad c Cancri. Fri. 51 

March 5, Double. Extremely unequal. L. W.; 8. d. Poſi- 

1782. tion n. following. 3 

87. Tertia ad © Cancri. FL. 64. © 

Merch 5,, Double. Very 3 L. rw. 8. dr. | Diſtance 

1782. 2 257 45%. Poſition 25 127 N. e 

88. 6 Aurigæ. FL. 34. In dextro humero. 

March 5, Double. Extremely or exceſſively unequal. L. fine 

7782. bluiſh w.; S. d. Diſtance 2/ 497 6”. Poſition 54® 
127 n. following. A third * off. Very unequal. 
About 40 or 50 n. OP : ++] 

89. FL. 6* Bootis adjecta. 

Mar. 12, Double. Juſt Glloving. the 6th Bootis. A little 

1782. unequal. L. r.; S. deeper r. Diſtance +: rg” 39”. 
Poſition 58* 6/ ſ. preceding, | 

90. Fl. 61 Virginis. | 

Apr. 3, _ Very e Uh w.; S. d. Diſtance 

1782. 1 x3” 15, Poſition about 75 n. preceding. 

91. Prope y r. 24*”) Geminorum. 

Apr. 15, Double. Three or four minutes n. of 7 Geminorum. 

1782. Conſiderably unequal. Both ſmall; too obſcure for 
meaſures with 5- feet; my 20-feet ſhews a third ſtar 


between them with 12 inches aperture. 


; 
J C 
= 
4 
1 
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VI. 92. E (FL. 1*) Capricorni borealior. *' 
June 14, Double. About + degree n. of & Capricorni.. Very 
1782. unequal. Both r. Diſtance 17 * IF”; 
2* 71. preceding. 
93. e Coronz borealis. FL. 15. Ad ſummum. 
July 18, Double. 1 unequal. L. w.; 8. d. Diſtance 
1782. I 270% 44“; a little inaccurate. Foſition $4* 237 L 
following. 
94. a Coronz borealis. FL. 12. 
July 18, Double. — unequal. L. w.; S. r. Dif- 
1782, tance 1135“ 14”, Poſition 33? 12” n. following. 
95. Y Bootis. FL. i "THe in ſiniſtro crure boren. 
Aug. 3, Double. Extremely unequal. . L. w. inclining to 
1782. orange; S. r. Diſtance about 14 minute. Poſition 
about 25 or 30? f. following. 
96. 7 Perſei. FL. 44. In pede ſiniſtro. 
Aug.25, Treble. The neareſt extremely ik L. W.; 
1782. S. r. Diſtance 1 11“ 26“. Poſition 665 367 ſ. pre- 
. ceding. The fartheſt very unequal. S. r. about 15 
minute. 70 or 75? ſ. preceding. 
97. Secunda ad r Aquarii. FL. 71. In dextro crure. 
Aug. 28, Double. Very unequal: L. r.; 8. d. Diſtance 
1782. 2” 3“ 36%, mean meafure, Poſition 18“ go" n. pre- 
ceding. | = 
98. Fr. 46" Tauri ſequens ad auſtrum. 
Sept.) Double. About 14 degree ſ. following the 46th, 
1782. nearly! in a line parallel to the 38th Tauri and the 42d 
Eridani. A little unequal. L. pr.; S. r. Diſtance 
10 2” 34”. Poſition 43 48“ n. preceding. A double 
ſtar of the Vth Claſs in view, following within 3“ 
Equal. 
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VI. Equal. Both ſmall and r. Almoſt fimilarly ſituated 
with the above, but poſition more n. preceding. 

99. Perſei. FL. 57. In dextri pedis talo. 

Sept. 7, Double. Pretty unequal. I. r.; S. rw. Diſtance 

1782. 1 36“ 27”, Poſition 71* 51” 1. preceding. 

100. (FL. zz *) Cephei ſequens. 

Sept. 30, Double. About 13 degree n. following , nearly 
1782. towards Y * A little unequal. Both pr. Diſ- 
tance 111“ 54 Poſition 879“ n. preceding. 

101. Tauri. FL. 68. 

OR. 31, Has two ſtars in view. The neareſt eas une- 

1782, qual. L. w.; S. d. Diſtance with 278, 1” + del 
Poſition 35 24' f. preceding. The fartheſt 8 
unequal. S. r. About 14 minute. Poſition about 500 
n. preceding. 

102. FL. 5 Lyncis. 

Nov. 13, Double. The largeſt of a ſmall Wee, Very 

1782. unequal. L. r.; S. garnet. Diſtance 1“ 28” 20“. 
Poſition 2® o' n. preceding. 

103. « Pegaſi. Fr. 8. 

Nor. 20, Double. Very unequal. L. pr.; S. dr. Diſtance 

1782. 1“ 30“ 56”, Poſition 52 45 n. preceding. 

104. C Bootis. FL. 30. In dextro calcaneo. 

Nov. 29, Has a very obſcure ſtar 1 in view. Extremely unequal, 

1782, L. w. inclining to r.; S. d. Diſtance about 14 minute, 
Poſition almoſt directly preceding. 

105. FL. 105 Tauri. 

Dec. 9, Double. Very unequal. L. pr.; S. r. Diſtance 

1782. I' 41” 297”, Poſition 18? of |. preceding. 
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VI. 166. 3 Eridant. F.. 62. 
Dec. ) Double. Conſiderably unequal. | 1. W.; 8. pr. 
1782. Diſtance r' “ 26“. Poſition: 15˙ 90 n. following. 
107. FL. 31 Monocerotis auſtralior et præcedens. | 
Dec. 21, Double. About 14 degree ſ. of, and a little pre- 
1782. ceding the 31ſt Monocerotis, in a line parallel to 7 Hy- 

dræ and the 31ſt Monocerotis; the moſt ſouth of two. 
Conſiderably unequal. L. r.; S. deeper r. Diſtance 
about 13 minute. Poſition 530 or 60f. following, 

108. 8 (Fr. 2250 Hydræ borealior et præcedens. 

Dec. 28, Double. About 4 degree n. of, and a little pre- 
1782. ceding 9, nearly in a line parallel to & and 8 Hydræ. 


Very unequal. L. r.; S. blackiſh r. VIth Claſs far, 11 
Poſition 1 or 2* n. N A third ſtar W 7 
109. FL. 22 an 26 Cancri mcertum. 
Dec. 29, Double. One of the two being loſt “, it does not 
1732. appear which is the * ſtar. "ey * 11 
Li. ot | J 


110. Teleſcopica ad o Ceti. = 
an. 2, Double. Looking for Ceti, which was- invif ble to 
1783. the naked eye, I miſtook this for it. Pretty unequal, 
5 rw. of 1 the 3 magnitude; S Te Diſtance 
"20" 52”, Poſition 335 422. 
111. & Hydra Fr. 30. Duarum contiguarum Wen 
Jan. 8, Has two ſtars within about 2 minutes; the neareſt ju 
1783. exceſſively unequal; the fartheft extremely unequal, 1 
Both ſ. following, | 5 N,n 
112. FL. 13 Bootis. 1 5 
Jan. 8, Double. Extremely unequal, L. r. - S. dr. Di- 
283 tance 1117“ 58”, Poſition 7 24 n. preceding. 
See Phil, Tranſ. vol. LXXIII. p· 252. 


113. 
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VI. 113. bl 4 Virginis, 929.4 
Jan. g. Double. Extremely 8 b, wr.; 8. dr. Diſ- 


1783. tance 20 25” 44%; too obſcure for accuracy. 

114. FL. 69˙ Orionis præcedens ad auſtrum. 

Jan. og, Double. About 5 degree 1. preceding the 6gth, 

1783. nearly towards a Orionis. Conſiderably unequal. 1 

pr.; S. d. Diſtance 1 30“ 38“. Pofition 22 6“ f. 
following. 2 wo 

115. FL. 21** Crateris ſequens ad auſtrum. 

Jan. 10, Double. About 24 degree ſ. following the at. in 

1783. a line parallel to the 12th Crateris and 4th Corvi. Very 
unequal. L. w.; S. r. Poſition 12* 12” n. following. 

116. FL. 43 Herculis. 

Jan. 10, Double. IF unequal. L. inclining to garnet; 

1783. 8. r. Diſtance 1' 1 37 Polition 38? 48 ſ. pre- 
ceding. — 79A 

117. FL. 12 Libre borealior et præcedens. 

Jan. 1, Double. About 14 degree n. preceding the 12th 

1783. Librz, towards Spica. Very ne, L. rw.; S. r. 
Poſition about 40˙ f. preceding, . 

118. FL. 30 Monocerotis. 1 

Feb. 12, Double. Very o or atemdy unequal 


SET { cc. 
119. (FL. 18*) Piſcis auſtrini auſtralior et præcedens. 


juy a8, Double. About 14 degree ſ. of, and a little pre» 
1783. ceding : Piſcis * in a line from JAquarii continued 
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Diſtance 


On account of the hs} in the 3 of the 1ſt and 2d Hydræ, this 
ſmall ftar may be of uſe to aſcertain whether the zoth Monocerotis, which is 
fituated between them, has any conſiderable proper motion. See Phil. Tranſ. vol. 


LXXIII. p. 255. 
through 
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through « Piſcis. Pretty unequal. L. dpr. S. dr. 
Diſtance 1' 26” 58“ . Poſition 67 46“ f. following. 

120. FL. 435” Sagittarii ſequens ad auſtrum. 

| Aug. 16, Double. Near 1 degree ſ. following the 43d, in a 

1983. line parallel to Z and o Sagittarii; a conſiderable far, 
3 unequal. Both dr. Diſtance with 278, 17140 

9”. Poſition 37 o' n. preceding. 
121. Fr. 12 Lacerta. 
Aug.18, Double. Very unequal. L. W.; S. r. Diſtance 
1783. with 278, 1'o” 10”. Poſition 737 of n. following. 


* 
. 


Add the following errata of the Catalogue of Double Stars in 
vol. LXXII. to thoſe already noticed at the end of the 
LXXIId and LXXIIId volumes. 
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VII. Obſervations of a new variable Star. In a Letter from 
Edward Pigott, E/q. to Sir H. C. — Bart. F. R. S. 
and A. S. 


Read December 23, 1784. 


DEAR SIR, 


OR ſome years paſt I have been employed in verifying 
all the ſtars ſuſpected to be variable, in order that here- 
W after we may know with certainty what to depend upon. This 
E undertaking, which is nearly completed, has already proved 
Jof uſe in detecting many miſtakes, and producing ſome diſco- 
veries; among which, the following is one of the moſt im- 
portant. September 10, 1784, I firſt perceived a change in 
the brightneſs of the ſtar 3 Antinoi, and by a ſeries of obſer- 
vations made ever fince, I find it ſubject to a variation very 
ſimilar to that of Algol, though not exactly the ſame 1 in any 
one particular. 
u Antinoi, when drighteſt, is of the third or fourth magui- 
tude, being between à and g Aquilz; and at its leaſt bright- 
neſs of the fourth or fifth magnitude, it then being between 
© that of , Antinoi and y Aquilz; therefore, its greateſt varia- [| 
von in brightneſs may be called about one magnitude; and the 
W changes it undergoes, though probably not nicely aſcertamed 
from fo few obſervations, are nearly theſe : 
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At its greateſt brightneſs 44 = hours. 
In decreaſing = - 62 = hours. 
At its leaſt brightneſs 30 = hours. 
In increaſing - 36 = hours. 
Atl theſe changes, which hitherto ſeem to be regular and con- 
ſtant, are performed in 7 days 4 hours 38— minutes; this I ſhall 
tile its period, and hereafter will ſhew how it is determined 

with ſuch exactneſs. 1 

The ſtars to which » Antinoi was compared are in order 
thus: 6 Aquilæ third magnitude, 8 Aquilæ and 0 Serpentis 
fourth magnitudes, : Antinoi fourth or fifth magnitude, and « i 
Aquilæ a bright fifth. I find, by ſeveral. years obſervation, | 
that 2 Aquilz retains the ſame: brightneſs, . Antinoi, which 
has been examined with particular attention by Mr. Goop- 
RICKE and myſelf, is ſuſpected, by us both to be ſubject to a 
{mall variation, but not ſufficiently apparent, fo as to affect 
materially theſe compariſons, and poſſibly it may be only the 
effect of ſome optical illuſion; for I have frequently remarked, 
that both in the twilight and moon- light, or when the air is in 
the leaſt hazy, there is a greater difference between the bright- 
neſs of many of the ſtars, than in a dark night and clear ſky. 
In the N journal of obſervations of Antinoi, the 
Greek letters f, J, A, belong to Aquila, and 4, „f to Antinous; 
ſecondly, the magnitudes marked in column the third are by 
eſtimation, and can be of no further uſe than merely to give, 
at firſt fight, an idea of the ſtar's brightneſs ; and laſtly, the 
lines diſtinguithed by: inverted commas, are extracts from Mr. 
GooDRICKE 5s journal, whoſe friendly aſſiſtance I have often ex- 
perienced, and was the more welcome on this occaſion, becauſe 
repeated attention and great exactneſs were requiſite. 4 


5 é Date 90 7 


Dates Magni- 
1783. Hours. , 1. 
July 17 10 * 3.4 
1 IO=] 4 
. 102 4 

on- 
h 1784 | 
all Sept. 10 10= 
ned i cal ag | 
mn 9 FO. 
7z (| 
I3 17 | 
= 8 
15 8 4 
197 
18 2145 
19 7414.5 
6 17 
20 | 8 | 3.4 
a 
23 35 | 34 
8 | 
2 g9= | 3+ 4 
30 | o=| 3.4 
AY g= | 3 + 4 
17 
88 14 } © 1 
2 14.4 
— 8 © + 
$1 * L$»2 
6 | 9=| 3. 4 
1 s. 
92 
— | = | 3-4 
8 > & 
— 8= | 49 
9 | 84* 4. 5 
10 $1. 14. £ 
44 104 Wn 
io | 4 
— 8 4 
16 1 
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Journal of the comparative brightneſs of » Antinoi. 


— 


n — — 


{Leſs tha chan 3 Aquilz and bt ighter than 0 Serpentis (3 
| Aquilz and 9 Serpentis are equal) weather hazy. 
Rather brighter than g Aquilz and 6 Serpentis 

If any difference, leſs than g Aquilæ. 

N. B. Theſe times are from recollection, and cannot 
| err more than 14 hour. 

Leſs than g Aquilz and 9 Serpentis. 


Much leſs than 8, equal tos. 


“A little brighter than , air clear,” 


Leſs than 9, brighter than g, and much brighter than , 


4 Brighter than, and g.“ | 
Rather brighter than 8, and much brighter than. 


« Leſs than g and .“ 
Much leſs than g, and equal to.. 


| Leſs than 8 and .“ 
{ } Brighter than 8 and 5; 


at 11 h. it ſcemed to have 
increaſed. 


Leſs than 9, rather brighter than gj; thought it rather 


"| tſs at 111 h.; moon near, 


Brighter than 8; moon-light, 


If any difference, rather brighter than g. 
Rather brighter than g.“ 


2 than 8, brighter than +; air clear, moon- light. 


Equal to , much leſs than g. 
„ Leſs than 

Between the brightneſs of g and 6 „ 
« Brighter than 8 and.? 


ther brighter than g. 


* Much the ſame as yeſterday,” - 5 
{ Brighter than « ; think it not leſs than g; this ohſer- 

vation doubtful, 6ccafioned by intervening clouds. 
« Believe it leſs than «; weather bad.“ 


- [<6 Certainly leſs than g; weather bad.” 


„ Leſs than ; rather a doubtful obſervation.“ 


[Rather leſs than 8, and brighter than 5, 


Equal to g. 
4% Rather brighter than g.“ 
Leſs than g, brighter than. 


8 Datcs. 


7 
4 — =_ 
4 \ 


bd a - 
a4 © L — 
—— — 


— on wer — Ä 
5 7 . © „ 


-— 
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4— 22 r 2 * 
4 . 5 5 4 — - — 


| f + Leſs than :; rather, though very little, brighter 


2 At 63 rather leſs, at 84 nearly equal, and at 9 


| { Remarkably bright, nearer 3 than 8; moon-light, 


Evidently leſs than 8, and rather brighter than zz at 


If any difference, rather brighter than g; clouds cov- 
ered the moon: at 8h. if any difference rather: leſs 
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Dates. | Magni- | | 
1784 | Hours. * 4 Journal continued. 
OR. 16 | 64 4. 5 Leſs than Band,” 
I 4. 5 Undoubte Ss than . 
7 {2 j| Undoubtedly lefs tha 
18 8 4. 5 e by brighter than . 
— | 63 | 4 + 5 Leſs than.“ 
19 741 | 3 + 4 [Evidently brighter than g;. 
20 | 8= | 3 . 4|* Much brighter than g.“ 
22 | 8+ | 3 + 4 Brighter than g.“ 
23 | 1 Leſs than g. | 
— | 8 4 [<< Not ſo bright as 8, brighter than .“ | 
24 | 5 2 5 Equal tos, much leſs than g; moon- light, air clear, 
TY [1 7 ) TI than E.“ 
25 | 63 | 4 + 5|Muchleſs than f;, equal to, brighter than g. 
26 62 4 Sometimes ſeemed rather leſs, but generally equal to g;. 
— 92 4. Equal, if not rather brighter than g. 
| 
* + & rather brighter than g.“. 
* 6 32 air clear. 
— 64 [3.4 Nearer to þ than to 3.“ 
11 32 4 |Seemedequal to g; air not very clear, 
Nov. 3 | 5E 3. 4“ Rather brighter than 8.” 
0 6 | 83 | 4 }JEvidentlyleſs than S. 
1 719 | 4 - 5 Much leſs than 8, 
4 — 72 4. 5“ Leſs than 8 and :.“ 
* 382-1 9 3. 4 Brighter than Þ, much leſs than 9. 
y 12 | 62 | 3 4 Rather brighter than 8, certainly equal. 
i — | 82 3.4 * Rather brighter than g and .“ 
| | 13 { 7 | 4 5 Leſs than 8. equal to's, 
i — | 7 4 +» 5“ Leſs than g, and rather leſs than s,” | 
q 
4 i0] 5; + 8 it ſeemed increaſed, and about 
— | 38 | 4 Between its leaſt and full brightneſs. 
— | 7 | 4 . 5|* Leſs than g, and ſomething leſs than :.“ 
2 ha 
17 | 71 ö 3 4 ÞPrighter than S. 
7 * 14 | 
— 8 Pg 4 | : | 
| 4 | than Þ; moon-light, and air not ſo clear as at 6. 
— 6 | 4 F< Rather brighter than 88, brighter than .“ 
20 7 4 [Rather leis than 8, brighter than. 
21 | 63 3 [Leſs than g, rather brighter than zz moon- light. 
26 7 | 3 . 4“ Brighter than g.“ 
Dec. 4] 61 [4 [lf any difference, leſs than #, 
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In order to obtain a point of compariſon, for ſettling the 
periodical changes of y Antinoi, which I ſuppoſe to be con- 
ſtant, it is natural to fix upon that phaſis, which can be deter- 
mined with the greateſt preciſion ; and this ſeems to be at the 
time when it is between its leaſt and greateſt brightneſs, as 
almoſt the whole increaſe of brightneſs is completed in leſs than 
24 hours, though the perfect completion is performed only in 
36 * hours; thus having ſettled this neceflary point, and found 
roughly the length of a ſingle period, the computations, in 
order to obtain greater exactneſs, are as follows. 


S 2 Time 


Mr. Picorr's Obſervations 


Te edi kee aa g ert 
5 6s £ Hours. | Days: Hours, 5 OT 
F 
i 
eel * * | * |: 
| F I 
Gone] » + | | a= WE 
| | | 
OCT 6 [6 ® | . 
| | h 
WIS 9 * 15” 7 6 0 
Sept. 19. | 
. 7 
= © behalf 
OR. 11. at 1 ES | 
3 n 4 | Tus Shook | 7. 0 
3 
nr =» 1+ Jr os 


Length of a ſingle period, on a mean, 7 6 30 


— nts = = pn nn — 


| Perhaps other aſtronomers may not exactly agree with me, 
in fixing the times as ſet down in column the firſt ; for my 
part, I determined them without paying any regard to the 
reſults, by taking a medium between the times when y Antinoi 
4 had 


* 
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had rather paſſed its leaſt brightneſs, being nearly equal to ; An- 
tinoi, and when it was a little, but undoubtedly, brighter 
than 8 Aquile. Though it does not appear, as I have already 


ro. ſaid, that any of the other phaſes can be ſettled with equal 
preciſion, different compariſons nevertheleſs may prove ſatiſ- 
factory towards corroborating the above; I have therefore alſo 
deduced its period from the beſt and moſt diſtant obſervations, 
made when at its leaſt brightneſs; they are thus: 7 days 
o hours and 7 days 5 hours. Theſe reſults I reject, and retain 
the mean given by the firſt ſet, with which we may proceed on 
to gain a much greater exactneſs; let one period be ſubtracted 
from the obſervation of July 27th, 1783, and it will appear, 
that Antinoi had varied in brightneſs during the following 
four days, though at that time it did not ſtrike me. 
July 17th, decidedly brighter than G Aquilæ. 
| ' — 18th, not obſerved. 
1783, | — 19th, rather brighter than g Aquilæ. 


— 20th. (anſwering, to the 27th) equal or rather 

leſs than G Aquilæ. 
As it is therefore evident, that on. July 19th and: 27th, 1783, 
1 Antino: was decreafing in brightneſs, I ſhall compare thoſe 


days obſervations. to-correſponding ones made in 1784. 
Hours. 


1784, Sept. 30. at 6} 
30 Oct. 7. at 16 

* Oct. 15. at 61 
me, Oct. 22. at 12 
my Nov. 12. at 21 


the ä Nov. 19. at OO | 


Similar obſervations to that of 1783 
July 19th, at 10 h. =, 3 Antinoi being 
rather brighter than g Aquilæ. 


had 4 55 1784, 


134 Mr. PiGor T's Obſervattons 
Hours. ; 

1784, Sept. 30. at 18 } 
Oct. 15. at 14 | Similar Obſervations to that of 1783, 

Oct. 22. at 19 | July 27th, at 10 h. =, 4 Antinoi being 


Nov. 12. at 144 equal to or rather leſs than g Aquilz. 
Nov. 19. at 14 
In eſtimating the above times, 1 paid much attention to'the 
obſervations. of the preceding and following days; however, a 
few hours more or leſs:do. not make a material difference. The 


reſults of theſe compariſons. are 
D. H. N. 


392 
44 
$3z 
547 
32 

264 


Www 


43 — . I cou 
215 WT ſtars 
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On a mean 7 4 38 — length of a ſingle period. 


— r — —_—_— — _ ie, 


As this approaches the moſt to the preceding reſult, it may be 
aſſumed as neareſt the truth, provided the changes be uni- 
formly periodical. 

Hitherto the opinion of aſtronomers concerning the changes 
of Algol's light ſeem to be very unſettled; at leaſt none are 
univerſally adopted, though various are the hypotheſes to 
account for it; ſuch, as ſuppoſing the ſtar of ſome other than 

a ſpherical 


% 
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2 ſpherical form, or a large body revolving round it, or with 
ſeveral dark ſpots or ſmall bright ones on its ſurface, alſo giv- 
ing an inclination to its axis, &c. ; though moſt of theſe con- 


jectures with regard to Algol be attended with difficulties, ſome 


of them combined do, I think, account for the variation of 
7 Antinoi. | 

Thoſe perſons who are accuſtomed to examine the ſtars atten- 
tively will not be ſurpriſed to find, that Mr. Goopricks and I 
do not always perfectly agree in our obſervations ; theſe ſmall 
differences in the magnitudes of the ſtars are very difficult to be 
aſcertained with the naked eye, which has often made me la- 
ment, we had not ſome contrivance for determining their relative 
brightneſs, and even I attempted ſeveral methods, but did nor 
purſue them with ſufficient attention and diligence to obtain 
any fatisfaQtory reſults; nevertheleſs I ſhall juſt mention them, 
as perhaps ſomebody elſe may overcome thoſe difficulties, 
which to me appeared ſo very conſiderable. 

1. In 1778 J had ſmall pieces of fine glaſs ſtained with dif- 
ferent ſhades, which being applied to the eye end of a teleſcope, 


I could eafily find what degree of ſhade was requiſite to efface 


ſtars of different brightneſs ; and thus I obſerved ſome of the 
ſtars and planets. N 
2. Diaphragms were attempted; but, beſides other diffi- 


 culties, they did not efface ſtars of the firſt magnitude. 


3- A method which pleaſed me much, and perhaps may not 


prove unſucceſsful, is, by putting the ſtars out of the focus of 


a teleſcope till they become inviſible; this is performed by 


drawing the eye-tube of a refractor either in or out; the point 
of focal diſtance being previoufly determined, the brighter the 
5 ſtar the greater length of tube muſt be ſlid either in or out to 
- efface it; thus I was in hopes of determining their magni- 
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tudes, and for that purpoſe had in 1776 diviſions engraved on 


clearneſs of the atmoſphere are more or leſs diſtinctly ſeen. 
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the eye-tube of a reftactor; but found that its high magnify. 
ing powers prevented ſtars of the firſt and ſecond magnitude 
becoming inviſible. 

Laſtly, I am inclined to think the following method practi- 


cable, viz. to reflect in a teleſcope, by means of an illumina- | 


tor, different degrees of light in a known proportion, ſo that | 


ſtars of all magnitudes may be obliterated. 

The changeable ſtate of the weather will perhaps be thought 
a conſiderable obſtacle to theſe contrivances, and to throw doubt 
on the obſervations ; but this may be ſufficiently obviated by 
attending to ſmall teleſcopic ſtars, which according to the 


I beg the favour of you, dear Sir, to preſent theſe obſerva- 
tions to the Royal Society; and believe me, with the greateſt 
regard, &c. 1 


| York, Dec. 5, 1784. EDWARD PIGOTT. 
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VIII. Affronomical Obſervationt, In two Lelters from Al. 


Francis de Zach, Profeſſor of Mathematics, and Member of 


the Royal Academies of Sciences at Marſeilles, Dijon, and 
Lyons, 10 Mr. Tiberius Cavallo, F. R. S. 


Read December 23, 1784. 


S IR, Lyons, April 4, 1783. 


SEND you the account of the obſervations on the eclipſe 
of the moon, which I have made together with the rev. 
Father LE FEVRE, Aſtronomer at Lyons, in the Obſervatory 


called au grand Cullge; to which I ſhall add the obſervations of 


the vernal equinox; ſome obſervations on Jupiter's ſatellites, 
made at Marſcilles by M. Saint Jacques DE SYLVABELLE ; 


and, laſtly, a new ſolution of a problem that occurs in com- 


puting the orbits of comets. If you think that theſe obſerva- 
tions do in any way deſerve the notice of the Royal Society, I 
thall be very glad you would communicate them. In order to 
aſcertain the going of the pendulum clock, I took ſeveral cor- 
reſponding altitudes of the ſun, which you will find in the fol- 
lowing table. On the day of the ecliple the ſky was very 


ferene, nothing could be finer, and it continued ſo during the 


obſervation. I determined to uſe an achromatic teleſcope of 
33 feet length, that ſhews objects in their natural poſition, be- 
cauſe the diluted and uncertain termination of the true ſhadow 
of the earth appears more perfectly defined by ſmall than by 
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large teleſcopes, which magnify too much, and give too great x 
tranſit between the penumbra and the true dark ſhadow. On 
that account ſome celebrated aſtronomers adviſe to uſe for the 
eclipſes of the moon no greater teleſcopes than of four or five 
feet length. It was remarked at Paris, that in an eclipſe of 
the moon, obſerved through a teleſcope of Dol LonD,the focus 
of its object lens being 30 inches, and likewiſe through a tele- 
ſcope of five feet length; the ecliple appeared to begin 47“ 
fooner, and to end 4” 7“ later, through the ſmall than 
through the long teleſcope; the like has been remarked by 
ſeveral others, and it has been alfo obſerved by myſelf. As to 
my obſervations I am tolerably ſatisfied with them, as they do not 
differ materially from thoſe of Father Le FEV RE, though it is 
known that in eclipſes of the moon no greater exactneſs than 
that of a minute can be obtained. The moon's ſpots were 
carefully obſerved ; for it is known, that the mean of the ob- 
ſervations of the moon's ſpots is ſufficient to aſcertain the 
longitude of a place to 4” or 5” nearly. M. pe La Lanps 
comparing the obſervations of the moon's ſpots in an eclipſe, 
made the 22d of November, 1760, in Vienna, by the Impe- 
rial Aſtronomer Abbe HELL, with thoſe made at the ſame 
time in Paris by * Mess1ER, finds the difference of meri- 
dians to be 560130, which agrees very exactly with thab aſcer- 
tained by other means, 
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— 8 — — 


Sun's | Iſt Derva⸗ Sun's {14 obier- 


_ March, 783. Altit. tion. Alt.] vation. 
— ——— | - —_— 1 RL ca 0 
The ſun's upper limb at the horizontal 1 =. EE TE. © Equ 
wire of the firſt teleſcope on the eaſtern j| 31 30 9 1 5633 | 9 13 9 Ret 
ſide - = - | [ 
| 


| 14 31 47 | 14 20 33 


12 3 57 We 5 57 


EL» 


| 


Sun's upper limb at the ſame altitude 1 

the weſtern fide of the meridian 
* — 
Dividing the ſum by 2 — 4 | 23 33 43 23 33 41 

Sun's center on the meridian as marked by | | 

the pendulum clock - - | | It 46 STE] 11 46 g1 

, 

| 


Equation of the day 


| | 


O 
| 


Clock flower than equated ſolar time 


14 


Clock flower than equated ſolar time 19th March 21 6 
18th March 19 32 


Retardiny of the clock upon 23 h. 58' 8” - 134 
I obſerved too the mid-day at the great gnomon of the ob- 


ſervatory, and found at the ſame time the meridian line erro- 
neous by 19“, as you will find in the following tables. 


— =_ — 


| h. $M | h. 4 u | h. 1 
When the center of the ſun's q | the | the | the | 
image was on the meridian che | 17th 50 Fofisth 11 48 56019 th[11 47 3 
time pointed by the clock was 2 Mar. Mar. | Mar. 
Equations of thoſe days a 3 112 8 1 5] 112 7 $57 
| 1 a OE 
Retarding on equated ſolar time | 17 49 19 19 the | 20 54 
Retarding the 17th - - | B 18th — 19 
— 
Retarding of the clock during thoſe 24 hours | I 30] | I 35 


I fixed therefore the retarding of the clock 1 35”. 


True 


er- 


Ie 
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* 
— — . 
hd — — 
_ 
* 


| h. 
True mid-day concluded by the ſun's —_—_ the - the 
dent altitudes as the clock marked 18th p 148 42]. ot 
Equation of the mid-day 5 Mar. — 18\Mar. 
Retarding of the clock at the rate of 1 35% 4 


Per 24 hours - - | 
Tree mid-day the pendulum | clock ſhould | 
have marked mY 48 37 11 46 44 


Mid-day concluded at the gnomon of the | 
obſervatory - - = | | 11 48 56 I $2 


Difference, the error of the meridian line 
or gnomon — A } 19 19 


From thence I concluded, 
1 ; 3 F 
Mid- day at true ſolar time 11 59 60 Mid · day at equated folar time 12 8 15 
Mid-day the clock 3 1 af Mid- day the clock ſhould 8 
have marked on the 18th 40 37 have marked on the 18th | I 4* 37 


— 


44 


Retarding upon true ſolar l Retarding upon b | 
tuns « } 1 ſolar time — 19 38 


Obfervations 
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Obſervations of the moon's eclipſe the 18th March, 1783. 
My obſervations with an achromatic teleſcope of 3+ Time marked True or ap- | 
3 3 1 m_ : by the clock. parent time. 
IMMERSIONS. : — | 
The beginning of the eclipſe! very doubtful. h h [ 
Shadow touches Grimaldi - 5 : 1 Y 1 
[Grimaldi all in the ſhadow - 7 7 555 5 7 53 33 | | 
Shadow touches Mare Humorum - - c 49 3 0 51 % | 
— — — Copernicus 4 4 pay. 4 15 5 : af | 
Copernicus all in the ſhadow . - E 4 | 
Tycho touches the ſhadow - - B+ 2 "So | 
Eudoõ xu ͥ . : | 8 1 by | Ba "0 } 
2 - | 8 7 A : yy | 
Mare e touches 4 ſhadow 1 WW 4 J 3 25 39 : 
the ſhadow in the middle — 8 21 31 wr a. | G 
— —ę—ę—— all in the ſhadow - 4 | 33 27 | 
[> a 8 25 5448 0 ö 
roclus touches the ſhadow 5 18 32 21 8 37 5 
are Criſium touches the ſhadow 8 8 3 : E 42 | 
i — ſhadow in the middle | 8 * 8 5-22 | 
| — all in the ſhadow * 5 i 28 26 5 +] 33 
— immerſion ka = FP 8 38 85 8 pn 53 | | 
Beginning of the emertion - a | | 
[Grimaldi emerging 8 a - 22 57 > N þ 
[——— all out of the ſhadow F JEANS = - 
Mare Humorum emerging — 2 10 "2 9 = 30 "» 
Total emerſion of Mare Humorum - | 10 „„ 
Copernicus all out of the ſhadow 6 | 10 35 3 70 41-43 Q 
[Mare Sercnitatis all emerged - Fe — "9 09-29 | l 
Mare Criſium all emerged - 5 | 6.4.4 94-6 . : 
4End of the eclipſe 5 _ | bo 15 44 17 27 51 7 1 
Total duration x - wo EE | 
— — J ͤ PRO = 7 7 £ 18 
| F 
f 
Ly 
C. 
1 
by! 


Father 


M. vs Zacu's 4ftronomical Obſervations. 


143 


Father LE FrVRE's obſervations with a reflector 55 inches 
focal length, magnifying 300 times. 

55 ms Iime by the] Apparent 7 
| clock, time, | 
{ } | 3 
| IMMERSIONS. Lk a I $a: 
Grimaldi touches the ſhadow - | 7 41 43] 7 53 37 
Kepler touches the ſhadow - [78.24 ®. 3.85 | 
| all in the ſhadow — . 3 $344] 8 5 i9 | 
Copernicus touches the ſhadow - 8 0 22181217 
— all in the ſhadow - 6. 2 20] $ 14 21 
Mare Serenitatis touches the ſhadow 8 16 78 28 3 
n — all in the ſhadow - oF 8 37 58 
[Mare Crifium touches the ſhadow - 8 33 28 | 8 45 25 

—— all in the ſhadow 5 8 36 56 8 46 53 | 
[Total immerſion - - 8 38 54 | 8 50 52 
j .'EMERSIONS | 
Beginning of the emerſion - 10 19 42 | 10 31 47 
Grimaldi emerged - - 10 23 24 | 10 35 29 
Kepler all out of the ſhadow - 10 35 43 | 10 47 49 
Copernicus all out - - 10 43 410 55 10 
are Serenitatis all ont _ 10 57 19 | 11 9 26 | 

Critum all out - - R 
End of the eclipſe - 6 11 20 22 | 11 32 30 | 
[Total duration 5 - — 13 3 39 20. | 


The obſervation of the vernal equinox was made at the 


guomon. The height of this gnomon, taken from the center 
of the hole by which the beams of the ſun come in, is 1878 


lines of a French inch; the diſtance from the bottom of the 
gnomon to the equinoctial point is 1928 the diſtance from the 
upper limb of the ſun's image to the equinoctial point was 


found 16, 7; the diſtance from the under limb 23,4 ; the dia- 
meter of the hole=6; therefore the diſtance from the bottom 
to the upper limb1928 = 16,7 + 3=1914,3, to the under limb. 


1928 +23,4—3=1948,4; which gives the time the equi- 
nox happened the 2oth of March, 5 h. 56 520% P. M. 
4 Obſervations 


Obſervations of Jupiter's ſatellites at Marſeilles. 
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Apparent | Obſerva- 

| 1782 Ts. tion, | 

| h. 3 

[April 3 Immerſion of the Iſt ſatellite at - 2 22 50] good | 

May 19] Imm. Iſt ſat. - a w 2 48 12 

June | Imm. IVth ſat. was not total, but its light diminiſhed ſenſibly without 

ever diſappearing ; the ſky was ſerene, and Jupiter had fix belts very 

diſtinctly. 

| 20} Emerfion of the Iſt ſatellite - . | 1 29 46| 

July $5} Em. Ift fat, - - - 11 43 59 

13} Em. IId fat. - - * 9 17 28 

20] Em. IIId fat. - - - 9 27 13 

| 200 Em. Id ſat. - - - 11 51 59 

| 21] Em. Ift ſat, - - - 03.20 
27] Imm. Id fat. - - - 110 40 33 

[Aug. 6| Em. Iſt fat. > - - - 8 21 20 

| 13} Em. Ift fat, - - - 10 18 49 | 

| 14) Em. IId fat, - - - 8 55 30% g 

Sept. 1} Em. IIId fat. ES 8 .: 9 40 44 doubtful} 

i nt - £9 18 6 48 good | 


1T is known, that the indirect method to calculate the orbits 
of comets in a conic ſection, by means of three obſervations 


given, is rendered more eaſy and expeditious if there is a poſſi- 


bility of drawing a graphical figure that repreſents nearly the 
orbit under conſideration, by means of which the calculation 
is directed, and the required elements of the comet's path may 
be rigorouſly determined. To draw the orbit of a comet that 
moves in a parabola or elliptis, the problem is reduced to find 
the poſition of the axis and the perihelial diſtance ; this poſi- 
tion of the axis will be determined as ſoon as the angle is 
known, that the axis forms with another line, whoſe poſition 
is given; this line may be an ordinate to a given point of the 
curve, or a tangent, or a radius vector, &c. The latter is to 


7 


be 
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be employed in preference, becauſe the perihelial diſtance being 
a conſtant quantity, the angle of poſition then becomes the true 
anomaly of the comet; but as the data of this problem are 
only geocentric longitudes and latitudes of the comet, de- 
duced from the immediate obſervations of right aſcenſion and 
declination, the heliocentric longitudes and latitudes muſt 
firſt be calculated; but as thoſe data are not ſufficient, what is 
not given muſt be arbitrarily ſuppoſed, viz. the ſhortened diſ- 
tances(ditantias curtatas). This ſuppoſition is changed and altered 
until the calculation will agree with the three obſervations, 
then the difference between two longitudes is the angle com- 
prehended between the two ſhortened diſtances in the plane of the 
echptic ; the whole reduced to the plane of the comet's orbit by 
means of the heliocentric latitude, gives the difference between 
the anomalies comprehended by two radius vectors, the problem 
then is reduced: two radius vectors being given, with the angle 
comprehended, to find the two true anomalies, the perihelial 
diſtance, and the time the comet puts in running its anomalies. 
Let therefore TS = v7 repreſent the ecliptic at an infinite diſ- 
tance ; QPR the apparent elliptical or parabolical path of a co- 


met; S the ſun's center; P the comet's perihelion; T the place of 


the earth when the comet was firſt obſerved in C; I the earth's 
place when the comet was obſerved in K; ST d, Slg, the 
diſtances from the earth to the ſun at the firſt and ſecond obſer- 
vation known by aſtronomical tables; let Cm and K be two 
perpendiculars to the plane of the ecliptic, it will be S u, 
Sn u the two ſhortened diſtances. 
The obſerved geocentric longitude of the comet in Tha arc G; 
the obſerved geocentric longitude of the comet in I=a=arc UH; 
the geocentiic longitude of the ſun by tables in T arc Y A; 

the geocentric longitude of the ſun by tables in I=Þ=arc YB. 

Vol. LXXV, _— 


l Wo 8 , 
* — — 2 p 4 = 2 » 2 © . 7 42 
„ 7 P _ \ * * — * o —— * 
* — *2**„éC≅%«’⁰ð:i' p d? 
* * 4 — „ - * — 


146 M. vs. Zacn's Aſtronomical Obſervations. 


Now for the firſt obſervation the angle of elongation is 6 a+ fi 
for the: angle AIG. arc AG= A- G 2 Q — — 80 
comet = a; 8 
the angle of the annual parallax S = = 2 e; 0 
the angle of commutation ST = 8 — e (6 —a) = 7 J 
from whence the heliocentric longitude of the comet = tl 
b - 180% + g. 8 

The ſame at the ſecond obſezvation in I. N 
Angle of elongation - a 
Angle of annual. parallax e=: = — 1 8 n 

he. 

Angle of commutation p= * — ＋ (a)! 
heliocentric longitude of the comet in I= 180% Þ Y F 
putting now the heliocentric latitude ſeen from S; = 
the geocentric- latitude feen from TS; 8 

che heliacentric latitude will be = 2 fs _ — = = tang. I; ; _ 
the ſame with K it will be 2 5 b. U 3 =.tang.. x Þeliocentrig J 
latitude in K. \ 

Having thus: determined the heliocentric- latitudes: of twa | 
obſervations, the radius vectors will eaſily be found: in the ſup- 
poſition made for the ſhortened diſtances, for they are in tho 
fame ratio to the radius vectors as the coſine of the heliocen- 
tric latitudes are to the radius ; tkerefore the radius vector 
m of 'the firſt obſervation e and the radius vector orf 1 
the Gd obſervation = uk 3 


Taking: now the Kffzrence between the found heliocentric 
longitudes, we get the heliocentric motion of the comet upon 
the echptic between two, ſhortened diſtances, which is to be 
teduged upon the comet's orhit, this heliocentric, motion, is 
therefore -g = n. Noy to reduce this motion we have, firſt, 
ſinus 


L 
4 
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finus totus = 1 is to coline :: as cotangent & is to the tau- 
gent of an angle which 1 put = , and 90 E will 
give an angle which T put = . Laſtly, the analogy 
coſ. n : coſ. :: fin. &: will give the coſine of an angle ꝙ. 
which is the required motion upon the orbit, or the angle 
xomprehended between the two radius vectors m and . Let 
therefore ECPMND be the apparent parabohe path of a comet; 
s the ſun's center; M and N two places of the comet, the angle 
MSN equal to its motion in longitude, or the comprehended 
angle ; P the perihehon ; it is required to find the two ano- 
malies PM, PN, that is, PSM and PSN, the perihelial diſ- 
tance SP, and the time the comet employed to come from its 


perihelion P'to M and N. 


Reſolution, 
SM = m In the right-angledtriangleSMRand SN V we have 
SN =  MR=OS=m fin. (þ=x) NV =QS=w in. x; 
MSN = therefore OP=4zp —m (fin. þ = x) and P 
NSB = x  Ip=p fin.'x; but by the nature of the parabola 
MSB = (x) wehaveSM=AP + POandSN =AP + PQ; thatis 
Parameter = þ m =+Þ — N (ſin. b+x) þ = PN H ſin. x 


mm (lin. e p p=ptin.x=ip 
m (i ſin. X) = 


and 1+ fin. (þ= x)= > . 


2M 


putting into a ſum 1 + ſins (ES) H 1=:fin. x=2- Hg.; reduc- 


2m 


ton made 2=-ſin. 4 Tſin. () = ( ===) þ3 but by trigono- 


27M 
metrical formulæ we have fin. {þ=x)=11n. ꝙ coſ. x ſin. x 
col. J. Subſtituting this expreſſion in its place we obtain, 
2 ſin. x+ fin. coſ. x= ſin. x coſ. h- (aug) p. By the ſame 
formula we have col.* #=1 = ſin. x and coſ. «Vi- iin. x). 
VU 2 Sub- 
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The angle x defines therefore the Poſition of the axis and 
the two anomalies required, the perihelial diſtance being 
= 24u= 23 ſin. æ, it will be known alſo by the angle x. 

In order to find the time the comet-employs 1 in running its 
anomalies, let the perihelial diftance juſt now inveſtigated þ be 
equal to the radins of the earth's orbit, the parabolic area 
{wept by the radius vector will be by the nature of the para- 


bola PO x ON 180 „OM £2 < — x 2 N 


ow 


the periphery of the earth' s orbit is 7 222 25: A 


e the whole area . 24%. I 5 I 2 N. It is known Fs the 
velocity of a heaventy body moved 11 a circular path, is to 
the velocity in a parabolic ꝓath in the ratio V2: 1. If the pa- 
rabolic area «of the comet is divided by vw 2 it comes out 
4PO x OM +:3SO « MO 
„ 

the very ſame time; put therefore A equal to the time of 2 
ſidereal year, we ſhall recover the analogy; the whole area of 
the earth's orbit is to the time in which it is deſcribed as the 
parabolic area is to the time conſumed in ſweeping it; therefore 


equal to an area that the earth deſcribes i in 


22 >. A -- WO + 380) MO 7A (4PO+ 350) MO, e 
7 %%% SPS 1. 
SM. fin. anom. PSM and OS = SM. coſ. anom. PSM; let ie 
the anomaly be= = 0, we have'OM —m ſin. J, and OS m col. 3; L. 


therefore PO = þ —m col. 3. . we obtain 
7% (4p — —4m col. 3+ 3m col. DE; —— E which f * A (40 — m col. 9) » m ſin, 2 
72 2 1282 


* the time is found in parts of a ſidereal year. 


1 am, &c. 
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SIR, 
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81 „ Lyons, ay 4, 1783. 


LATELY I received from the Obſervatory, ar Marſeilles the 


ebſervation of the tranſit of Mercury, which happened the v2th 
Nov. 1782. The {ky not being, very favourable, only the two in- 
ternal uri were obſerved”; the firſt internal contact was ob- 
ſerved by M. ST. Jacques Ds SYLVABELLE, at 3 B. 18” 50” 
. e time; the laſt iuternal contact by M. Sr. Jacayes, at 
$8: 30 16”; by M. BERNARD, His Adjunctus, at 4 h. 29 13”. 
The neareſt diſtances of Mercury” s limb. to. that of the ſun-1 in. 
the northern pare of its dilk were. at. 


H. | 

3 33 14 IE | 
3 42 57 34+ þ parts of the micrometer. 
4 22 17:] 19 


The apparent diameter of the fan was 2174 parts of this mi- 
crometer : I ſuppoſe: the before- mentioned 2174 parts g 320 
26% 9. I conclude farther, by the obſervations, the middle of 
the tranſit at 3 h. 54 , 25, whereas I fix, by interpolation; 
the diſtances of the limbs at 3 h. 54 25 235, 6; I have 
therefore ſemi · diameter of the ſun = 16013, 4 35,6 = 
15 37% 8 + ſemi- diameter of Mercury = 6” = 15 430 8 to the 
leaſt diſtance of centers of the ſyn and, Mercury. By M. ve. 
La LAxNxpz's tables. it is 15” 42“, only a difference of 1,8. 

M. Wakrer at Paris has obſerved this tranſit at the Royal 
Obſervatory, 


Hh. | 
Firſt external ** 2 56 28. 


Firſt internal contact 3 2 3. 
Second - — 4 17 18: 
Second external - 4 22 53. 
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I only add an important remark upon the diameter of Mer- 
cury, which the aſtronomers ſuppoſed in this tranſit = 12”. 

Let ABC repreſent the ſun's diſk; in P an external in Q an 
internal contact; ANC the apparent path of Mercury over the 
Jun. 
Tphe ſemi- diameter of the ſun 972“, this of Mercury in our 
ſuppoſition 6, MN g= 942“ the leaſt diſtances of the centers. 
In the right-angled triangle MNP it is MP = 972” +6” = 978”, 
MQ =972" — of 2966“; therefore NP will be found = 260' 
and NQ = 210”: now NP =NQ =PQ= 50”, which converted 
into time gives 8” 14” for the time the diameter of Mercury em- 
ployed to run over the limb of the fun; but by the obſervations 
of M. — I find this time ——— in both contacts 
s 35; therefore & 14: 12 5 35 8%, which 
ſhould be the diameter of Mercury; and indeed M. WALTLor, 
by an immediate meaſure, taken with an excellent wire-micro- 
meter, finds this apparent diameter not greater than 9“, which 
ſufficiently ſhews that this diameter, ſuppoſed 7” in the mean 
diſtance is alſo too great. 


I am, &c. 
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IX. Obſervations of a new Vuriable Star. By John Goodricke, 
Efq.; communicated by Sir H. C. — Bart. F. R. S. 
and A. &. 


Read January 27, 1785. 


ro SIR k. c. ENGLEFIELD, BART. 


DEAR SIR, | | | York, Jan. 10, 1785. 


HE account that has been lately given of the regular 
variation of Algol's light, and the notice aftronomers 
have been pleaſed to take of it, are well known. It is natural 
therefore to ſuppoſe, that the relation of other fimilar phæno- 
mena may alſo meet with the ſame favourable reception. Of 
tnis kind is the following, which 1 beg the favour of you to 
preſent to the Royal Society. 
On the 16th of September, 1782, whilit my attention was 
directed towards that part of the heavens where g Lyræ was 
ſituated, T was ſurpriſed to find this ſtar much leſs bright than 
uſual, whereupon I ſuſpetted that it might be a variable ſtar : 
my ſuſpicions were afterwards confirmed by a ſeries of obſer- 
vations, which have been regularly continued ſince that time, 
and which will preſently follow in their proper place. At firſt 
1 thought the light of this ſtar ſubject to a periodical variation 
of nearly fix days and nine hours, though the degree of its di- 
minution did not then appear to be conſtant ; but now, upon a 
more cloſe examination of the obſervations themſclves, I am 
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inclined to think, that the extent of its variation is 72wvelve days 
and nineteen hours, during which time it undergoes the fol- 
lowing changes. 

1. It is of the third magnitude for about two days. 

2. It diminiſhes in abont one day and a quarter. 

3. It is between the fifth and fourth magnitude for leſs than 
a day. 

4. It increaſes in about two days. 

5. It is of the third magnitude for about three days. 

6. It diminiſhes in about one day. 

7. It is ſomething larger than a ſtar of the fourth magnitude 
for little leſs than a day. | 

8. It increaſes in about one day and three quarters to the firſt 
point, and ſo completes a whole period. 

Thele eight points of the variation are perhaps inaccurately 
aſcertained ; and indeed it cannot be expected to be otherwiſe in 
eftimatiovs of this nature, where it is very poſſible to err even 
ſeveral hours. HE] 
The relative brightneſs of G Lyræ, at its obſcuration in the 
third and ſeventh points, is nearly as follows. When in that of 
the third point, it is leſs than & and x, and nearly equal to 
Lyræ; and when in that of the ſeventh point, it is rather 
lefs than F and 09 Herculis, and much brighter than &, u, and 
J Lyræ. At its greateſt brightneſs in the firſt and fifth points, 
it is ſometimes brighter than y Lyræ, but leſs than 8 Cygni, 
and ſometimes only nearly equal to it; but in thoſe points it 
ſeems to alter in its brightneſs ſeveral times in the ſame night, 
and that generally in a pretty conſiderable degree. However, 
this may perhaps be only owing to ſome fallacy of obſervation ; 
for I have often perceived, that the relative brightneſs of ſtars 
s affected not only by the different ſtates of the air, but alſo by 
their 
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their change of poſition occaſioned by the earth's diurnal 
motion, and that particularly in ſtars of a great altitude. 
The magnitudes of the ſtars, to which g Lyræ was com- 
pared during the progreſs of its variation, are as follows, 
B Cygni and y Lyrz of the third magnitude; F and 8 Herculis 
of between the fourth and third magnitude; o Herculis is 
ſomething leſs than a ſtar of the fourth magnitude; &, x, and 
3 Lyrz are ſtars of between the fourth and fifth magnitude, if 
not nearer the fifth. The relative brightneſs of theſe ſtars 
follows the order in which they are ſet down. 


OSſervations of the brightneſs and magnitude of ſe . 


1784, Sept. 10. At 11 h. =, much leſs than 1 Lyræ; 
nearly equal to, if not rather brighter than &, x, and d Lyræ, 
and not ſo bright as E, 0, and Herculis; between the fourth 
and fifth magnitude. 


Sept. 11. At 81 h. nearly the ſame as it was laſt night, if 
not brighter ; indifferent obſervation. 

Sept. 12. At 81 h. and 9 h. between the third and fourth 
magnitude; leſs than y Lyræ, brighter than 0, E, and o Her- 
culis, and much brighter than &, «, and à Lyræ. Mr. E. 


Pioorr agrees with me nearly. 


Sept. 13, 15, 18, 19, and 20. It was at or near its greateſt 
brightneſs. 


Sept. 23. At 74 h. it was nets DP to &, «x, and 3 Lyra, 
and much leſs than F, 9, and o Herculis. 
At 104 h. the air being extremely clear, I compared it more 
attentively to the neighbouring ſtars, and found it as follows: 
rather a little brighter than 86, a little leſs than &, and rather 
X 2 leſs 
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tefs than x Lyræ. Mr, E. PicorT thought it * rather in. 


creaſed from 81 to 11 h. 
Sept. 24. At 131 h. certainly brighter than it was laſt nüt, 


but interv ning; clouds. preeluded all further obſervation. 

Sept. 28. At 10h. not quite ſo bright as y Lyræ, but rather: 
brighter than 8 and E Herculis. Mr. E. Proorr thought it 
nearly equal to y Lyræ. 5 

Sept. 29. At 7 h. not ſo bright as y Lyræ. 

At 81 h. to 161 h. nearly a to F and Herculis; but if; 
any thing it feemed:rather leſs than E, and rather brighter than. 
6; about the fourth magnitude. 

At 115 h. to 123 h. the ſame, if not leſs; I could not compare 
it well to. F and), becauſe they were low; moon- light, bur the 
alr was clear. 

Sept. 30. At 7 h. rather leſs tlian 0, if not equal to it; 
little leſs than F, and *** than o Herculis ; about A 
fourth magnitude. 

At 11 h. and 122 h. it ſeemed to be on its increaſe, being- 
for the moſt part larger than Z and Herculis. 

Oct. 1 and 2. About its greateſt brightnefs, bat leſs than- 
y Lyræ. Mr. E. Pi6otT thought it brighter on the 2d 
than on the iſt, being on the 2d nearly equal to Lyrz. 

Oct. 4. At 101 b. F thought it rather leſs, but the weather 
was hazy. 

Oct. 5. At 61 h. not ſo bright as Z ande Herculis; a little 
brighter than &, and brighter than 3 and « Lyræ; air clear. 

At 93 h. nearly equal to &, and a little brighter than 9 and « 
Lyrz. | 
At 12 h. a little leſs than &, nearly equal to x, and rather a 


little brighter than 3 Lyræ; between the fourth and fifth mag-- 


nitude ; air very clear. 


T. 


b 
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Oct. 6. At 65 h. and 72 h. leſs than C and x, and a little leſs 
than 5 Lyræ; between the fifth and fourth magnitude. 

Oct. 7. At 63 h. between the fourth and third magnitude; 
a little brighter than 9, and nearly equal to F Herculis; much 
brighter than &, x, and à Lyræ; I obſerved it tilt 124 h. when 
it was certainly increaſed. 

At 75 h. Mr. E. PicorT thought it brighter than Fand 9 
Herculis. 

Oct. 8. At 8 h. nearly equal to Lyræ; on account of the 
intervening clouds, I could not perceive which was largeſt ; 
third magnitude. 

Oct. 9. At 7h. rather lets than y Lyræ: 

OR. 10. At 7 h. 114 h. and 12 h. nearly equal to 5, if 
not rather leſs. 

Oct. 11. At S h. ok and 12 h. rather leſs than 7 at 
12 h. if any difference, leſs than it was laſt night, | 

Oct. 15. At 8h.= nearly equal to, though rather leſs 
than, y Lyrz. 3 
Oct 16. At 64 h. and 9 h. little leſs than 2, if not equal 
to it. 

At 11h. rather larger then y,. but the avis was: foggy. 
Mr. E. P16o0TT agrees with me in both obſervations. 

Oct. 17, At 61 h. and 7 h. ſomewhat leſs than y Lyra. 

Oct. 18. At 65 h. between the fourth and fifth magnitude; 
brighter than & and d, and rather brighter than C Lyrz; good 
obſervation. 55 

At 9 h. I thought it was decreaſed, being equal to Z and 
rather brighter than « Lyra. Mr. E. Piœor r alſo thought it 
was decreafing. 

Oct. 19. At 61 h. it was rather leſs. than 7 7 and x, and 
brighter than 9 Lyræ. | 5 
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At 81 h. nearly the ſame, if not increaſed. 

Oct. 20. At 6F h. rather brighter than Z and 9 Herculis, 
and between the fourth and third magnitude. 

At 81 h. and 11h. I thought it was increaſed, but it was 
leſs than y Lyræ; between the third and fourth magnitude. 

OR. 22. At 6 h. 8 h. and 9 h. nearly equal to y Lyræ. 

Oct. 23. At 6 h. 8 h. and 11 h. rather leſs than y, though 
nearly equal to it. 

OR. 24. At 61 h. and 11 h. leſs than y Lyræ, and brighter 
than Z and 0 Herculis; at 8 h. Mr. E. Pi6oTT thought it 
rather lefs than Lyræ. 


Oct. 25. At 6 h. 8 h. and 11 h. nearly, though perhaps not 


quite equal to 8 Herculis; leſs than Z Herculis, and brighter 


than F and 3 Lyræ; about the fourth magnitude. At 64 h. 
Mr. E. PicorT thought it rather brighter than d and 0 
Herculis. 

Oct. 26. At 6 h. and 11 h. brighter than 0 and E Herculis, 
but leſs than y Lyre. 

Oct. 27. At 6h. and 81 h. brighter than it was laſt night, 
but ſtill leſs than y Lyræ; much brighter than F and 8 Her- 
culis; the moon was at its full. 

OR. 28. At 8 h. = rather leſs than y Lyræ. 

OR. 29. At 91 h. nearly equal to, though rather brighter 
than y Lyræ; I ſaw them but for a ſhort time on account of 
clouds coming on. 

Oct. 31. At 8 h. between the fifth and fourth magnitude; 
leſs than & and x, and brighter than 3 Lyræ. Mr. E. PicorT 
thought it equal to 7 Lyræ at 8 h. 

Nov. 1. At 64h. between the fourth and fifth magnitude; 
rather brighter than F, and brighter than « and d Lyra 

Nov. 3. At 54 h. little leſs than y Lyre. 


Nov. 


W rat 
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Nov. 6. At 8 h. rather leſs than Lyræ, and brighter 
than 0 Herculis. Mr. E. PIGoTT thought it nearly equal to y 
Lyræ. 

Nov. 7. At 7 h. and 101 h. much leſs than y Lyræ; 
nearly equal to, if not rather brighter than, 8 Herculis, and 
rather leſs than Z Herculis; between the fourth and third mag- 
nitude. 

Nov. 10. At 10 h. nearly equal to y Lyræ. Mr. E. 
Picorir thought it not quite fo bright as y at 11 h. 

Nov. 11. At 54 h. and 7 h. a little brighter than y Lyræ; 
afterwards I rather thought them equal, though G appeared 
for the moſt part ſomething brighter. At 11 h. and 12 h. they 
appeared nearly equal. At 7 h. Mr. E. Pi6oTT Gougnt + it was 
leſs than y, if there was any difference. 


Nov. 12. At 64 h. 84 h. and 10 h. much leſs than y Lyræ, 


but brighter than F and 6 Herculis; between the fourth and 


third magnitude. 
Nov. 13. At 64 h. and 10 h. equal to, if not rather leſs 
= than 7, leſs than x, and brighter than d Lyræ; between the 
fifth and fourth magnitude. At 5 h. Mr. E. Pi16orT thought 
it rather brighter than 7 Lyræ. 

Nov. 16. At 75 h. little leſs than 1. At 10 h. certainly a 
| little brighter than it, 

© Nov. 17. At 6h. rather wan than y. At 8 h. 91 h. 
= and 105 h. brighter than , and leſs than G Cygni. 

Nov. 18. At 9 h. 10 h. and 19 h. juſt the ſame. 

Nov. 19. At 61 h. and 8 h. leſs than y Lyræ, and brighter 
than 6 and E Herculis; between the third and fourth magnitude. 
, At 10h. ſomething brighter than 8 Herculis. 

| Nov. 20. At 7 h. 8 b. and 101 h. rather leſs than E, and 
nather brighter than 6 Herculis ; ; between the fourth and third 
N 7 magnitude, 
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magnitude, At 183 h. I thought ; it was increaſed ; onda in 
twilight. 

Nov. 21. At yh. Wwething brighter than 9 and rica 

Nov. 25. At * leſs than » Lyræ, and brighter than 6 
Ilerculis; between the fourth and third magnitude. At 91 b. 
thought it was decreaſed, being now of the fourth mag- 
nitude. | 

Nov. 26. At 9 h. + much leſs than , and of between the 
fourth and fifth magnitude ; but the weather was too hazy, 
and the moon-light too ſtrong, to obſerve well. 

Nov. 29. At 75 h. and 8h. rather brighter than » Lyræ. 
Mr. Eow. P160TT thought it nearly equal to y at 8 h. 
Nov. 30. At 8x h. and 101 h. brighter than  Lyre, and 
leſs than g Cygni ; air clear. 

Dec. 4. At 54 h. 64 h. and 104 h. leſs than Lyræ, and 
brighter than 9 Herculis; between the third and fourth mag- 
nitude. Mr. E. Prœor r thought it nearly equal to ꝙ at 6 h. 

Dec. 9. At 8h. much leſs than y Lyra, and brighter 
than 7 Lyræ; about between the fourth and fifth magnitude. 
At 184 h. it was increaſed, and nearly equal to o Herculis ; but 
leſs than and g; not quite of the fourth magnitude. 

Dec. 11. At 6 h. and 8 h. leſs than y Lyrz, and brighter 
than 8 and & Herculis. At 81 h. 91 h. and 184 h. nearly 
equal to, though rather leſs than . 

Dec. 12. At 5 h. and 6h. nearly equal to y, though rather 
leſs. 1 
Dec. 13. At 54 h. and 91 h. ſomething brighter than 7. 

Dec. 14. At 7 h. and 8 h. rather brighter than 7. 

Dec. 17. At 54 h. leſs than y Lyræ, and brighter than 
9 and E Herculis. At 73 h. nearly equal to y, though rather 
leſs. e 


Dec. 
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Dec. 19. At 9 h. I believe it was brighter than y, but the 


weather was not very favourable. 


At 19 h. little lefs than . 


Dec. 20. At 5 h. leſs than y Lyræ, and brighter than 
0 and Z Herculis. At 62 h. nearly equal, though rather lets 
than 7 Lyræ. 

Dec. 21. At 8h. much leſs than , and conſiderably 
brighter than T Lyræ; not quite of the fourth magnitude. 

At 18 h. a little brighter than 7 and x, and brighter than 3 
Lyrz; between'the fourth and fifth magnitude, 

Dec. 28. At 6h. leſs than y and brighter than 6 Herculis> 
between the third and fourth magnitude. At 8 h. nearly equal 
to 8 Herculis ; between the fourth and third magnitude. 

1785, Jan. 5. At 53h. about equal to 9 Herculis; fourth: 
magnitude. 

Jan. 6. At 52 h. between y Lyrz and 8 Herculis, but rather 
nearer 1. At 8 h. it ſeemed a little brighter than y. 

From the above ſeries of obſervations I have deduced all the 
concluſions relative to the eight points of the variation, as they 
are ſtated in the beginning of this paper. However, as at firſt it 
may not clearly appear, that the ſtar has a more conſiderable 
diminution in the third point than in the ſeventh, it will not 
be improper to add a few words relating to that circumitance t: 
for proof of it, therefore, 1 refer to an attentive comparion of 
the obſervations of Sept. 10. Sept. 23. Oct. 5 and 6. Oc. 
18 and 19. &c. correſponding to the third point of the varia- 
tion with thoſe of Sept. 29 and 30. Oct. 25. Nov. 7 and 
19, &c. correſponding to the ſeventh point of the varia- 
tion. It may be objected, that in ſome of the obſervations of 
the ſeventh point, the ſtar might have become ſtill more di- 
miniſhed in the intermediate 3 but this is not probable, 
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becauſe in that point the ſtar has been obſerved of about the 
fourth magnitude at intervals much ſhorter than in the third 
point, ſo that, if it had continued to diminiſh, its diminution 
would have proceeded at a more rapid rate, which {till ſhews 
that there is at leaſt a difference between theſe two points. 

With regard to the period of the variation, it 1s evident 
from a collation of the preceding obſervations i in a coarſe. way, 
that it is nearly twelve days and three quarters. To determine it 
with greater accuracy is a ſubject of conſiderable difficulty, in 
the preſent caſe; for unleſs we can obtain very exact points of 
compariſon, the period would come out erroneous, eſpecially 
if deduced from intervals conſiſting of only a very few periods, 
as 1s the caſe here. However, as I have been able to obtain a 
few obſervations of the middle of its obſcuration in the third 
point accurate enough for our purpoſe, I have formed the fol- 
lowing calculation. 


Times of the middle of its cbſcuration 
in the third point. 


Bh. . 
1784, Oct. 6 „ only a ſingle period of | 12 21 

„ 1 

Oct. 18 * D- 5 17 
— 31 151 

Ga. 6 . : _ 5 

t ds, each of 
g * wo periods, each o : Tide hl 
Hence the period on a mean 1 1 2 192 


In aſcertaining the above times, I attended particularly to 


the neareſt obſervations both preceding and following. In the 
manner above ſtated the period may alſo be deduced from the 


middle of its obſcuration in the ſeventh point; but as theſe 


obſervations are not fo exact as the above, I ſhall only, as 2 
further 
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further confirmation, compare two of the moſt diſtant of 
them, vix. Sept. 29. 22 h. and Nov. 20. 6 h. which interval 1 
| find contains ſix periods, each of 12 d. 20 h. . 


1 have it in my intention to purſue the ſubject further, and 
wen 1 have got a ſufficient number of obſervations, it will 
de caſy to determine the period with greater exactneſs, and 


alſo at the ſame time to aſcertain the other particulars of the 
variation with more preciſion. In the mean while I wiſh that 
this account may be conſidered as being yet imperfect; but I 
was induced to ſend it in its preſent fate, in hopes that other 
aſtronomers may contribute by their obſervations to the eluci- 
dation of this phznomenon. 

As G Lyrz is a quadruple ſtar, No 3. of Mr. Herscntr's 
Vth Claſs of Double Stars“, I was deſirous to ſee if any of 
the ſmall ſtars near it would be affected by its different changes; 
but they ſeemed not to ſuffer any alteration, either when it 
was at its greateſt or at its leaſt brightneſs. I attended to this 
the more particularly becauſe the loſs of the ſtar's light was 
very conſiderable, and the phænomenon ſeemed to be occaſioned 
by a rotation on the ſtar's axis, under a ſuppoſition that there 
are ſeveral large dark ſpots upon its body, and that its axis is 
inclined to the earth's orbit. 

I muſt not omit mentioning here that Mr. HERSCHEL, 
amongſt thoſe ſtars which he ſuppoſes to have undergone an 
alteration, reckons Þ or y Lyræ; becauſe he obſerved that was 


much larger than Q, while F LAMSTEED marks both of the 


0 lame magnitude +. It may alſo be added, as ſhewing that G 
© Lyrz varied in former times, that HeveLivs, in his Catalogue, 
: differs from Fl. Aus r RED, and marks y of the third magnitude, 
e © x 


* Phil. Tranſ. for 1782, p. 142. 
f Phil. Tranf, for 1783, p. 256. 
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and g of between the fourth and third. I have, however, 
ſome doubts whether the variation of this ſtar. does not entirely 
ceaſe or become leſs viſible in certain years. Theſe doubts ariſe 
from ſome obſervations of CassIn1 in Phil. Tranſ. Ne 73. 
p. 2198. where I find that in. obſerving the new ſtar, which 
then appeared near the beak of the Swan, he compared it very 
frequently for upwards of a month to g and Lyræ, yet 
without perceiving, or even ſuſpecting, that g was variable, 
though it was eaſy for him to have perceived it, if th: varia- 
tion had then been even leſs than it is now. 


1 am 3. f &c. 


JOHN GOODRICRE. 
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X. On the Motion of Bodies affected by Friction. By the Rev. 
Samuel Vince, A. M. of Cambridge; communicated by 
Anthony Shepherd, D. D. F. R. S. Plumian Profeſſor f 
Aftronomy and experimental Philoſophy at Cambridge. 


Read November 25, 1784. 


HE ſubject of the paper which I have now the honour 
of preſenting to the Royal Society, ſeems to be of a 
very conſiderable importance both to the practical mechanic 
and to the ſpeculative philoſopher ;: to the former, as 2 Know- 
ledge of the laws and quantity of the friction of bodies in motion 
upon each other will enable him at firſt to render his machines 
more perfect, and ſave him in a great meaſure: the trouble of 
correcting them by trials; and to the latter, as thoſe laws 
will furniſh him with principles for his theory, which when 
eſtabliſhed by experiments will render his concluſions appli- 
cable to the real motion of bodies-upon each other. But, how- 
ever important a part of mechanics this ſubje& may conſtitute, 
and however, from its obvious uſes, it might have been ex- 
pected to have claimed a very conſiderable attention both from 
the mechanic and philoſopher, yet it has, . of all the other parts 
of this branch of natural philoſophy, been the moſt neglected. 
The law by which the motions of bodies are retarded by fric- 
tion has never, that I know of, been truly eſtabliſhed, 
MvusscaenBRrotk ſays, that in ſmall velocities the friction varies 
very nearly as the velocity, but that in great velocities the friction 
increaſes; he has alſo attempted to prove, that by increaſing 
2 the. 
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the weight of a body the friction does not always increaſe exactly 
in the ſame ratio; and that the ſame body, if by changing its 
poſition you change the magnitude of the ſurface on which it 
moves, will have its quantity of friction alſo changed. Her. 
SHAM and FErGusoN, from the ſame kind of experiments, 
have endeavoured to prove, that the friction does not vary by 
changing the quantity of ſurface on which the body moves; 
and the latter of theſe aſſerts, that the friction increaſes very 
nearly as the velocity; and that by increaſing the weight, 
the friction is increaſed in the ſame ratio. Theſe different con- 
cluſions induced me to repeat their experiments, in order to ſee 
how far they were concluſive in reſpect to the principles de- 
duced from them : when it appeared, that there was another 
cauſe operating beſides friction, which they had not attended 
to, and which rendered all their deductions totally inconcluſive. 
Of thoſe who have written on the theory, no one has eſta- 
bliſhed it altogether on true principles: EoLER (whole theory 
is extremely elegant, and which, as he has ſo fully confidered 
the ſubject, would have precluded the neceſſity of offering any 
thing further, had its principles been founded on experiments) 
ſuppoſes the friction to vary in proportion to the velocity of the 
body, and its preſſure upon the plane, neither of which are 
true: and others, who have imagined that friction is a uni- 
formly retarding force (and which conjecture will be confirmed 
by our experiments), have ſtill retained the other ſuppoſition, 
and therefore rendered their ſolutions not at all applicable to 
the caſes for which they were intended. I therefore endea- 
voured by a ſet of experiments to determine, 
1it, Whether friction be a uniformly retarding force. 
Adly, The quantity of friction. 
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zaͤly, Whether the friction varies in proportian to the preſſure 
br weight. 
Athly, Whether the friction be the ſame on whichever of its ſur- 


faces a body moves. 


The experiments, in which I was aſſiſted by my ingenious 
friend the Rev. Mr. Jones, Fellow of Trinity College, were made 
with the utmoſt care and attention, and the ſeveral reſults 
agreed ſo very exactly with each other, that I do not ſcruple to 
pronounce them to be concluſive. 

2. A plane was adjuſted parallel to the horizon, at the extre- 


mity of which was placed a pulley, which could be elevated or 


depreſſed in order to render the ſtring which connected the 


body and the moving force parallel to the plane. A ſcale accu- 


rately divided was placed by the ſide of the pulley perpendi- 
cular to the horizon, by the ſide of which the moving force 
deſcended ; upon the ſcale was placed a moveable ſtage, which 


could be adjuſted to the ſpace through which the moving force 
deſcended in any given time, which time was meaſured by. a 
well regulated pendulum clock vibrating ſeconds. Every thing 
being thus prepared, the following experiments were made to 
aſcertain the law of friction. But let me firſt obſerve, that if 


friction be a uniform force, the difference between it and the 


given force of the moving power muſt be. alſo uniform and 


therefore the moving body muſt deſcend with a uniformly ac- 


celerated velocity; and conſequently the ſpaces: deſcribed from 


the beginning of the motion muſt be as the ſquares of the 
times, juſt as when there was no friction, only they will be 
diminiſhed on account of the friction. 

3. Exe. 1. A body was placed upon the horizontal plane, 
and a moving force apphed, which from repeated trials was found 


to deſcend 524 inches in 4“, for by the beat of the clock and 
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the ſound of the moving force when it arrived at the ſtage, the 
ſpace could be very accurately adjuſted to the time; the ſtage 
Was then removed to that point to which the moving force 
would deſcend in 37, upon ſuppoſition that the ſpaces deſcribed 
by the moving power were as the ſquares of the times; and the 
pace was found to agree very accurately with the time; the 
ſtage was then removed to that point to which the moving 
force ought to deſcend in 2“, upon the ſame ſuppoſition, and 
the deſcent was found to agree exactly with the time; laſtly, 
the ſtage was adjuſted to that point to which the moving force 
ought to deſcend in 1“, upon the ſame ſuppoſition, and the 
ſpace was obſerved to agree with the time. Now, in order to 
find whether a difference in the time of- deſcent could be ob- 
ſerved, by removing the ſtage a little above and below the poſi- 
tions which correſponded to the above times, the experiment 
was tried, and the deſcent was always found too ſoon in the 
former, and too late in the latter caſe; by which I was aſſured 
that the ſpaces firſt mentioned correſponded exactly to the 
times. And, for the greater certainty, each deſcent was repeated 
eight or ten times; and every caution uſed in this experiment 
was alſo made ule of in all the following. 
Ex. 2. A ſecond body was laid upon the horizontal plane, 
and a moving force applied which deſcended 41+ inches in 3“ 
the ſtage was then adjuſted to the ſpace correſponding to 2”, 
upon ſuppoſition that the ſpaces deſcended through were as the 
ſquares of the times, and it was found to agree accurately wit 
the time; the ſtage was then adjuſted to the ſpace correfpond- 


ing to 1”, upon the ſaine ſuppoſition, and it was found to agre 
with the time. 


Exe. 3. A third body was laid upon the horizontal plane, and 
a moving force applied, which deſcended 59+ inches in 4%; the 


ſtage 
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ſtage was then adjuſted to the ſpace correſponding to 30, uport 


ſuppoſition that the ſpaces deſcended through were as the 
ſquares of the times, and it was found to agree with the time; 
the ſtage was then adjuſted to the ſpace correſponding to 2“, 
upon the ſame ſuppoſition, and it was found to agree with the 
time; the ftage was then adjuſted to the ſpace correſponding 
to 1“, and was found to agree with the time. 

Exy. 4. A fourth body was then taken and laid upon the 
horizontal -plane, and a moving force applied, which deſcended 
55 inches in 4”; the ſtage was then n to the ſpace 
through which it ought to deſcend in 3”, upon ſuppoſition 
that the ſpaces deſcended through were as the ſquares of the 
times, and it was found to agree with the _ the ſtage was 
then adjuſted to the ſpace correſponding to 20%, upon the ſame 
ſuppoſition, and was found to agree with the 88 laſtly, the 
ſtage was adjuſted to the ſpace correſponding to 10, and it was 
found to agree exactly with the time. 

Beſides theſe experiments, a great number of others were 
made with hard bodies, or thoſe whoſe parts ſo firmly cohered 
as not to be moved inter ſe by the friction; and in each experi- 
ment bodies of very different degrees of friction were choſen, 
and the reſults all agreed with thoſe related above; we may 
therefore conclude, that the friction of hard bodies in motion is a 
uniformly retarding force. 

But to determine whether the ſame was true for bodies when 
covered with cloth, woollen, &c. experiments were made in 
order to aſcertain it; when it was found in all caſes, that the 
retarding force increaſed with the velocity; but, upon covering 


bodies with paper, the conſequences were found to agree with 
thoſe related above. 
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4. Having proved that the retarding force of all hard bodies 
ariſing from friction is uniform, the quantity of friction, eon · 


fidered as equivalent to a weight without inertia drawing the 


body on the horizontal plane backwards, or acting contrary to 
the moving force, may be immediately deduced from the fore- 
going experiments. For let M = the moving force expreſſed by 


upon the horizontal plane; SS the ſpace through which the 
moving force deſcended in the time ? expreſſed in ſeconds; 
y=16... feet; then the — 3 force (the force of 


gravity being unity) will "WP... = = ; hence, by the laws of uni- 


conſequently 
EEE 


F = M-. To exemplify this, let us take the caſe of the 


MTW 


x fi 3% 


formly accelerated motions, 


laſt experiment, where M=7, W252, S=47, feet, i= 4*; 
32 X A 
16 N10 


to the weight of the rubbing body as 6.4167 to 25.75. And 
the great accuracy of determining the friction by this method is 
manifeſt from hence, that if an error of 1 inch had been made 
in the deſcent (and experiments carefully made may always de- 
termine the ſpace to a much greater exaCtneſs) it would not 
have affected the concluſion ,:.,dth part of the whole. 

5. We come in the next place to determine, whether fric- 
tion, cæteris paribus, varies in proportion to the weight or 
preſſure. Now if the whole quantity of the friction of a body, 
meaſured by a weight without inertia equivalent to the friction 
drawing the body backwards, increaſes in proportion to its 
weight, it is manifeſt, that the retardation of the velocity of 
the body ariſing from the friction will not be altered; for the 

7 retardation 


hence F = 7 —- = 6.417 3 conſequently the friction was 
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17 
; hence, if 8 body be put 


in motion upon the horizontal plane by any moving force, if 
both the weight of the body and the moving force be increaſed 
in the ſame ratio, the acceleration ariſing from that moving 
force will remain the ſame, becauſe the accelerative force varies 
as the moving force divided by the whole quantity of matter, 
and both are increaſed in the ſame ratio; and if the quantity 
of friction increaſes alſo as the weight, then the retardation 
ariſing from the friction will, from what has been ſaid, remain 
the ſame, and therefore the whole acceleration of the body will 
not be altered ; conſequently the body ought, upon this ſuppo- 
ſition, fill to deſcribe the ſame ſpace in the ſame time. Hence, 
by obſerving the ſpaces deſcribed in the ſame time, when both 
the body and the moving force are increaſed in the ſame ratio, 
we may determine whether the friction increaſes in proportion 
to the weight. The following experiments were therefore 
made in order to aſcertain this matter. | 
Exe. 1. A body weighing 10 oz. by a moving force of 4 02. 
deſcribed in 2” a ſpace of 51 inches; by loading the body with 
10 o. and the moving force with 4 oz. it deſcribed 56 inches 
in 2“; and by loading the body again with 10 oz. and the 
moving force with 4 oz. it deſcribed 63 inches in 2”. 
Exp. 2. A body, whoſe weight was 16 oz. by a moving 


tetardation varies as 


force of 5 oz. deſcribed a ſpace of 49 inches in 3“; and by 


loading the body with 64 oz. and the moving force with 20 OZ, 
the ſpace deſcribed in the fame time was 64 inches. 
Exe. 3. A body weighing 6 oz. by a moving force of 24 0Z. 
deſcribed 28 inches in 2“; and by loading the body with 24 
oz. and the moving force with 10 oz. the ſpace. deſcribed in the 
lame time was 54 inches; | 
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- Exy. 4. A body weighing 8 oz. by a moving force of 4 0. 
deſcribed 331 inches in 2“; and by loading the body with 8 
oz. and the moving force with 4 oz. the ſpace deſcribed in the 
ſame time was 47 inches. 

Exr. 5. A body whoſe weight v was 9 oz. by a moving force of 
41 Oz. deſcribed 48 inches in 2“; and by loading the body with 
q oz. and the moving force with 45 oz. the fpace deſcribed in 
the ſame time was 60 inches. 

Exe. 6. A body weighing 10 02. by a moving force of 3 oz. 
deſcribed 20 inches in 2” ; by loading the body with 10 oz; 
and the moving force with 3 oz. the ſpace deſcribed in the fame 
time was 31 inches; and by loading the body again with 30 
oz. and the moving force. with 9. oz. the ſpace deſeribed was. 
34 inches in 27. 

From theſe experiments, and many others which it is not 
neceſſary here to relate, it appears, that the ſpace deſcribed is 
always increaſed by increaſing the weight of the body and the 
accelerative force in the ſame ratio; and as the acceleration 
ariſing from the moving force continued the fame, it ĩs manifeſt, 
that the retardation ariſing from the friction muſt have been 
diminzthed, for the whole accelerative force muſt” have been in- 
creafed on account of the increaſe of the ſpace deſcribed in the 
me time; and hence (as the retardation from friction varies as 


ty of fricti 
_ — ) the quantity of triffion increaſes i in als r ai 


6. We come now to the laſt thing which it was propoſed to 
determine, that is, whether the friction varies by varying the ſur- 
face on which the body moves. Let us call two of the ſurfaces 
A and 9, the former being the greater, and the latter the leſs. 


Now the weight on every given paxt of à is as much greater 
than 


2 
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than the weight on an equal part of A, as A is greater. than a ;. 
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if therefore the friction was in proportion to the weight, cæteris 
paribus, it is manifeſt, that the friction on 4 would be equal to 
the friction on A, the whole friction being, upon ſuch a ſuppo- 
fition, as the weight on any given part of each ſurface multi- 
plied into the number of ſuch parts. or into the whole area, 
which products, from the proportion above, are equal. But 
from the laſt. experiments it has been proved, that the friction 
on any given ſurface increaſes in a leſs ratio than the weight; 
conſequently the friction on any given part of à has a leſs ratio 
to the friction on an equal part of A than A has to a, and 
hence the friction on à is leſs than the friction on A, that is, 
the ſmalleſt ſurface has always the leaſt friction. But as this 
concluſion 1s. contrary to the generally received opinion, I.have - 
thought 1t proper. to confirm the ſame. by a ſet of. experiments. 
But before I. proceed to relate them, I will beg leave to recom- 
mend to thoſe, who may afterwards be induced to repeat them, 
the following cautions, which are. extremely. neceſſary to be 
attended to.. Great care muſt be taken that the two ſurfaces 
have exactly the ſame degree of roughneſs ; .in order to be 
ecrtain of which, ſuch bodies muſt be choſen as have no knots 
in them, and whoſe grain is ſo very regular that when the 
two ſurfaces are planed with. a fine rough plane, their rough- 
nefs may be the ſame, which will not be the caſe if. the body 
be knotty, or. the grain irregular, or if it happens not to run 
in the ſame dĩrection on both ſurfaces. When you cannot de- 
pend on the ſurfaces having the. ſame degree of roughneſs, the 
beſt way will be to paſte ſome fine rough paper on each ſur- 
face, which perhaps will give a more equal degree of rough- 
neſs than can be obtained by any other method. Now as the 
proof which I have already given depends only on the motion 
ot⸗ 
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of the body upon the ſame ſurface, it is not liable to any inae- 
curacy of the kind which the preceding cautions have been 


_ 
given to avoid, nor indeed to any other, and therefore it muſt 2 
be perfectly concluſive. In the following experiments the ſtop 


cautions mentioned above were carefully attended to. 

Exe. 1. A body was taken whoſe flat ſurface was to its edpe 
as 22 : 9, and with the ſame rg force the body deſcribed. 
on its flat fide 331 inches in 2”, and on its edge 47 inches in 
the ſame time. + 
Exp. 2. A ſecond body v was taken whoſe flat ſurface was to 
its edge as 32 : 3, and with the {ame moving force it deſcribed 
on its flat fide 32 inches in 2”, and on its edge it deſcribed 3 371 
inches in the ſame time. 

Exy. 3. I took another body and covered one e of * ſurfaces, 
whoſe length was 9 inches, with a fine rough paper, and by 
applying a moving force, it deſcribed 25 inches in 2” ; I then 
took off fome paper from the middle, leaving only 3 of an inch 
at the two ends, and with the ſame moving force it deſcribed 
40 inches in the ſame time. 

Exp. 4. Another body was taken which had one of its ſur: 
faces, whoſe length was 9 inches, covered with a fine rough 
paper, and by applying a moving force it deſcribed 42 inches 
in 2“; ſome of the paper was then taken off from the mid- 
dle, leaving only 14 inches at the two ends, and with the ſame 
moving force it defended 54 inches in 2”; 1 then took off 
more paper, leaving only 4 of an inch at the two ends, and 
the body then deſcribed, by the ene moving force, 60 inches 
in the ſame time. 

In the two laſt experiments the paper which was taken off 


the ſurface was laid on the body, that its weight might not be 
altered. 


Exp. 
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Exp. 3. A body was taken whoſe flat ſurface was to its edge 
as 30: 17; the flat ſide was laid upon the horizontal plane, a 
moving force was applied. and the ſtage was fixed in order to 
ſtop the moving force, in conſequence of which the body 
would then go on with the velocity acquired until the friction 
had deſtroyed all its motion; when it appeared from a mean of 
12 trials that the body moved, after its acceleration ceaſed, 
52 inches before it ſtopped. The edge was then applied, and the 
moving force deſcended through the ſame ſpace, and it was 
found, from a mean of the ſame number of trials, that the 
ſpace deſcribed was 73 inches before the body loſt all its motion, 
after it ceaſed to be accelerated, 

Exe. 6. Another body was then taken whoſe flat ſurface was 
to its edge as 60: 19, and, by proceeding as before, on the flat 
ſurface it deſcribed, at a mean of 12 trials, 54 inches, and on 
the edge 67; inches, before it ſtopped, after the acceleration 
ceafed. 

= Err. 7. Another body was taken whoſe flat ſurface was to 
its edge as 26 : 3, and the ſpaces deſcribed on theſe two ſur- 
W faces, after the acceleration ended, were, at a mean of 10 
trials, 43 and 7,7, inches reſpectively. 
From all theſe different experiments it appears, that the 
ſmalleſt ſurface had always the leaſt friction, which agrees 
with the conſequence deduced from the conſideration that the 
friction does not increaſe in ſo great a ratio as the weight; we 
| may therefore conclude, that the friction of a body does not con- 
_ {inue the ſame when it has different furfaces applied to the plane on 
W WH:ch it maves, but that the ſmalleſt ſur face will have the leaſt 
I jfridtion. 

7. Having _ eſtabliſhed, from the moſt deciſive experi- 
ments, all that I propoſed relative to friction, I think it proper, 


before 
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before 1 cintheds; to give the reſult of my examination into 
the nature of the experiments which have been made by 
others; which were repeated, in order to ſee how far they 
were concluſive in reſpect to the principles which have been 
deduced from them. The experiments which have been made 
by all the authors that 1 have ſeen, have been thus inſtituted. 
To find whit moving force would j put a body at reſt in 
motion: and they concluded from thence, that the accelerative 
force was then equal to the friction; but it is manifeſt, that 
any force which will put a body in 'motion muſt be greater 
than the force which oppoſes its motion, otherwiſe it could not 
overcome it.; and hence, if there were no other objection than 
this, it is evident, that the friction could not be very accurately 
obtained; but there is another objection which totally deſtroys 
the experiment ſd far as it tends to ſhow the quantity of fric- 
tion, which is the ſtrong: coheſion of the body to the plane 
when it lies at reſt; and this is confirmed by the following 
experiments. 1ft, A body of 121 oz. was laid upon an hori- 
zontal plane, and then loaded with a weight of 8 Ib. and ſuch 
A moving force was applied as would, when the body was jul 
ul in motion, continue that motion without any: acceleration, 
in which caſe the friction muſt be juſt equal to the accelerative 
force. The body was then ſtopped, when it appeared, that the ſame 
moving force which had kept the body in motion before, would 
not put it in motion, and it was found neceflary to take off 
41 oz. from the body before the ſame moving force would put 
it in motion; it appears, therefore, that this body, when laid 
upon the plane at reſt, acquired a very ftrong coheſion to it. 
2dly, A body whoſe weight was 16 oz. was laid at reſt upon the 
horizontal plane, and it was found that a moving force of 6 Or. 


would juſt put it in motion; but that a moving force of 4 0% iſ 
would | 


— 
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would, when it was juſt put in motion, continue that motion 
without any acceleration, and therefore the accelerative force 
muſt then have been equal to the friction, and not when the 
moving force of 6 oz. was applied. 

From theſe experiments therefore it appears, how very 
conſiderable the coheſion was in proportion to the friction when 
the body was in motion; it being, in the latter cafe, almoſt 
1, and in the former it was found to be very nearly equal to 
the whole friction. All the concluſions therefore deduced from 
the experiments, which have been inſtituted to determine the 
friction from the force neceſſary to put a body in motion (and I 


have never ſeen any deſcribed but upon ſuch a principle) have 
manifeſtly been totally falſe; as ſuch experiments only ſhew- 


the reſiſtance which ariſes from the coheſion and friction con- 
jointly. 


8. I ſhall conclude this part of the ſubject with a remark 
upon Art. 5. It appears from all the experiments which I have 


made, that the proportion of the increaſe of the friction to the 
increaſe of the weight was different in all the different bodies 
which were made uſe of; no general rule therefore can be eſta- 
bliſhed to determine this for a! bodies, and the experiments 
which I have hitherto made have not been ſufficient to deter- 
mine it for the /ame body. At ſome future opportunity, when 
I have more leiſure, I intend to repeat the experiments in order 
to eſtabliſh, in ſome particular caſes, the law by which the 


quantity of friction increaſes by increaſing the weight. Leaving 


this ſubje& therefore for the preſent, I ſhall proceed ta eftabliſh 
a theory upon the principles which we have already deduced 
from our experiments. 
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PROPOSITION I 


Let e, f, g, (fig 1.) repreſent either a cylinder, or that circular 
ſection of a body on which it rolls down the inclined plane CA in 
conſequence of its friction, to find the time of — and ibe 


number of revolutions. 


As it has been proved in Art. 5. that the friction of a body 
does not increafe in proportion to its weight or preſſure, we 
cannot therefore, by knowing the friction on any other plane, 
determine the friction on CA; the friction therefore on CA can 
only be determined by experiments made upon that plane, that 
is, by letting the body deſcend from reſt, and obſerving the 
ſpace deſcribed in the firſt ſecond of time; call that ſpace a, 
and then, as by Art. 3. friction is a uniformly: retarding force, 
the body muſt be uniformly accelerated, and conſequently the 


whole time of deſcent in ſeconds will be = F. ; 


Now to deter- 
mine the number of revolutions, let be the center of oſcillation - 
to the point of ſuſpenſion @ * ; then, becauſe no force acting at a 
can affect the motion of the point , that point, notwithſtanding 
the action of the friction at a, will always have a motion pa- 
rallel to CA uniformly accelerated by a force equal to that 
with which the body would be accelerated if it had no friction; 
hence, if 2 = 325 feet, the velocity acquired by the point s 


in the firſt ſecond will be = =x=; now the exceſs of the ve- 


* @ and s are not fixed points in the body, but the former always repreſents 


that point of the body in contact with the plane, and the latter the correſponding 
_ center of ofcillation, 


2 locity 


ts 
8 


of revolutions required. _ | | 
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Jocity of the point s above that of 7 (r being the center) is ma- 
nifeſtly the velocity with which 5 1s carried about 7; hence the 


_ 2m x CB 2m x CB 22 Xx CA 
velocity of s about the center = —— 24 * 4 
1 « mxCB—-2axCA, 2mXrexCB=2aXraxCa 
atty fs * ru:: — 2 
conſeque ty f CA Xx CA 


—the velocity with which à point of the circumference/is'car- 
ried about the center, and which therefore expreſſes the force 
which accelerates tlie rotatton; now as 24 expreſſes the accele- 
rative force of the body down the plane, and the ſpaces de- 
ſcribed in the ſame time are in proportion; to thoſe fofces,' we 
have 24: CA :: LEGS 7 — —_ = 2 — Che SEGA 


the ſpace which any point of the circumference deſeribes about 


the center in the whole time of the body's 8 geſcent down CA; 
which being divided by the circumference þ « ra” (where 


2 
52 26. 283 Kc.) will give" 775557 for 


t the whole number 


*S 


Cor. 1. If a * CA — m * BC, the num der. of revolutions = = o. 


and therefore the body will then valy flide; conſequently the 


Friction vaniſhes, 

Cor. 2. Let a'r's . 2 ) be the next poſition f at's and 
draw tb parallel to 5@, then will 7 repreſent the retardation 
of the center r arifing from friction, and ob will repreſent | the 
acceleration, of a point of, the circumference about its center; 


ref BY bo 


hence the retardation of the center ' acceleration of the cir- 


cumference about the center :: %% 4 1 : (by fm, 4 BY 


ir: br: rs: ra. ; 

Cor, 3. If @' coincides with a, the body does not fide but 
only roll; now in this caſe : rr : : a5: ar; but as 5s and 
Tr repreſent the ratio of the velocities of the points 3 and r, 

Aa 1 thev 
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mX BC 
a 


hence, when the body rollt without ſliding, 25:47 1. * 
CB: ax CA. el) 


Cor, 4. The time of deſcent down CA is = * = ; but by 


m X ra x BC 


che laſt Cor. when the body ro/[s without Juding, 22 — rn 
mXra = ** 


the time of deſcent, if there were no friction, would be = 


— hence the time of deſcent, when the body rolls with- 


— 


out ſliding : time of free deſcent ::Wsa : Vr a. 
Cor. 5. By the laſt Cor. it appears, that when the body juſt rolls 
without ſliding, or when the friction is juſt equal to the accelera- 


tive force, the time of deſcent =AC\|[—= r 


nifeſt, that the time of deſcent will continue the ſame, if the 
friftion be increaſed, for the body will ſtill freely roll, as no 
increaſe of the friction acting at a can affect the motion of the 
point 5. 

If the body be projected from C with; a a and at the 
ſame time have a rotatory motion, the time of deſcent and 
the number of revolutions may be determined from-the com- 
mon principles of uniformly accelerated motions, as we have 
already inveſtigated the accelerative force of the body down 
the plane and of its rotation about its axis; it feems therefore 
unneceflary to lengthen out this paper with the anveſtigations. 


they will be to each other as - 24 or as m x CB: ax CA; 


hence the time of deſcent in that caſe = AC 


3 now it 18 ma- 


A o- 
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PROPOSITION Il. 


Let the body be projected on an horizontal plane LM (fig. 30 
with a given velocity, to determine the ſpace through which the 
body will move before it ſtops, or before its motion becomes uniform. 


Cask I. 1. Suppoſe the body to have no rotatory motion 
when it begins to move; and let a= the velocity of project ion 
per ſecond meaſured in feet, and let the retarding force of the 
friction of the body, meaſured by the velocity of the body 
which it can deſtroy in one ſecond of time; be determined by 
experiment and called F, and let x be the ſpace through which 
the body would move by the time its motion was all deſtroyed 
when projected with the velocity a, and retarded by a force F; 
then, from the principles of uniformly retarded motion, x = 


F- and if S time of deſcribing that ſpace, we have #= 


- and hence the ſpace deſcribed in the firſt ſecond of time 


2a—F 
. Now it is manifeſt, that when the rotatory motion 


of the body about its axis is equal to its progreſſive motion, the 
point à will be carried backwards by the former motion as much 
as it is carried forwards by the latter; conſequently the point of 
contact of the body with the plane will then have no motion 
in the direction of the plane, and hence the friction will at 
that inſtant ceaſe, and the body will continue to ell on uni- 
formly without ſiding with the velocity which it has at that 
point. Put therefore z= the fpace deſcribed from the com- 
mencement of the motion till it becomes uniform, then the 
body being uniformly retarded, the ſpaces from the end of 
7 the 


d , 
* M ſ 
o : 4 
1 * % 
* 4 : 
k 13 
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is Wis 6 "the ſquares of the velocities, hence 


the ſpace which the body deſcribes before the motion 'becames 
uniform. 


Will be the ſame as before, and confequently. the rgtatory | velo- 


2 

a 7 - 82 = — — — 

7 CHS 2F) : z: 4. 2Fz = ſquare of the progref- 
Hive velocity when Brag motion becomes uniform'; therefore the 


velocity deſtroyed by friction =a=a*—2Fz; hence, as the 
velocity generated or deſtroyed in the fame time is in 
| oh rang to the 3 we have by Cor. 2. Prop, 1. 


* LACS 


— * 4 2 2 F the velocity Of 


the circumference e f 9 . about the center, conſequently 


75 Ta SNN 


— ſ——— | 
S&—2Fz= 2 — 2Þ'z, and hence 2 Z , 


FS: a3 x2F ; 


2. If we ſubſtitute this value of 2 into the n for the 


velicity;"we ſhall have 4 * — for the velocity of the body when 
its motion becomes uniform; hence therefore it appears, that 


the velocity of the body, when the friction ceaſes, will be the 


ſame whatever be the quantity of the friftion. If the body be 


the circumference of a circle, it will always loſe half the ve- 
locity before its motion becomes uniform. 
CAsE II. 1. Let the body, betides having a Nude 


velocity in the direction LM (fig. 3.) have alſo a rotatory mo- 
tion about its center in the direction g Fi e, and let v repreſent 
the initial velocity of any point of the circumference about the 
center, and ſuppoſe it firſt to be leſs than a; then friction, being 
a uniforraly retarding force, no alteration of the velocity of 
the point of contact of the body upon the plane can affect the 


quantity of friction; hence the progreſſive velocity of the body 


city 


* 
\ 
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city generated by friction will alſo be the ſame, to which if we 


add the velocity about the center at the beginning of the mo- 
tion, we ſhall have the whole rotatory motion; hence there- 


fore, 0+ x a— Va —2Fz = Va —2Fs, conſequently 42 = 


4 *xaf—uxrotaxra 
2F x as 


comes uniform. 
2. If this value of ⁊ be ſubſtituted into the expreſſion for the 


UXrs+aXxra 


- the ſpace deſcribed before the motion be- 


velocity, we ſhall have for the velocity when the 


friction ceaſes. 
3. If vga, then x =o, and hence the body will continue to 
move uniformly with the firſt velocity. 

4. If v be greater than a, then the rotatory motion of the 
point @ on the plane being greater than its progreffive motion 
and in a contrary direction, the abſolute motion of the point 
a upon the plane will be in the direction ML, and conſequently | 
friction will now. act in the direction LM in which the body 
moves, and therefore will accelerate the progreſſive and retard 
the rotatory motion; hence it appears, that the progreſſive mo- 
tion of a body may be ACCELERATED by fri&#ton. Now to deter- 
mine the ſpace deſcribed before the motion becomes uniform, we 
may obſerve, that as the progreſſive motion of the body is now - 
accelerated, the velocity after it has deſcribed: any ſpace à will 
be V +2Fz, hence the velocity acquired V + 2F'z — a, . 


Tr 4 


| and conſequently the rotatory velocity deſtro oY ed 3 


2 Fz - a, hence N FF == He FFs, : 


1 — X a we * 4 
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5. If ago, or the body be 1 the plane without 


any progreſſive velocity, then z = . 


2F x as 

Case III. 1. Let the given rotatory motion be in the direc- 
tion gef; then as the friction muſt in this caſe always act in 
the direction ML, it muſt continually tend to deſtroy both the 
progreſſive and rotatory motion. Now as the velocity de- 
ſtroyed in the ſame time is in proportion to the retarding force, 
and the force which retards the rotatory is to the force which 
retards the progreſſive velocity by Cor. 2. Prop. 1. as ra: rs, 
therefore if v be to à as ra is tors, then the retarding forces 


being in proportion to the velocities, both motions will be de- 


ſtroyed together, and conſequently the body, after deſcribing 
a certain ſpace, will reſt; which ſpace, being that deſcribed 
by the body uniformly retarded by the force F, will, from 


what was proved 1n Caſe I. be equal to 3. 


2. If v bears a greater proportion to @ than ra does to 15, 
it is manifeſt, that the rotatory motion will not be all deſtroyed 
when the progreſſive is; conſequently the body, after it has 


deſcribed the ſpace 5 will return back in the direction ML; 


for the progreſſive motion being then deſtroyed, and the rota- 
tory motion ſtill continuing in the direction g ef, will cauſe 


the body to return with an accelerative velocity until the fric- 
tion ceaſes by the body's beginning to roll, after which it will 


move on uniformly, Now to determine the ſpace deſcribed 


before this happens, we have rs:ra:: a: — 


velocity deftroyed when the progreſſive is all loſt; hence 


2 the rotatory velocity at that time, which 


ry rs 
being 


8 4 _ . * — , 
Ka 8 * „ as * * ee. 5 * n o * 2 * 1 * | N 
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being ſubſtituted for v in the laſt article of Caſe II. gives 


— 
— 


-A N 
2F Na. 
uniform. 
3. If v has a leſs proportion to 4 than 7 @ has to #5, it is 
manifeſt, that the rotatory motion will be deſtroyed before the 
progreive : in which caſe a rotatory motion will be generated 
in a contrary direction until the two motions become equal, 


when the friction will inſtantly ceaſe, and the body will then 


for the ſpace deſcribed before the motion becomes 


„ 
1 POE ; ; 


. U 
move on uniformly. Now ra:rs::v:i — 


velocity deſtroyed when the rotatory velocity ceaſes, hence 


© SY a Xx TAN 


— —2 "= progreflive velocity when it begins its 


rotatory motion in a contrary direction; ſubſtitute therefore th 
this r for a in the expreſſion for = in Caſe J. and we have 1 


— ä ü— 8 
—_— K — G ͤ— © — i. 


— wa OO ORR -< - 


45 — or the ſpace deſeribed after the rota- 


tory motion 3 before the motion of the body becomes 
uniform. Now to determine the ſpace deſcribed before the 
rotatory motion was all deſtroyed, we have (as the ſpace from 
the end of a uniformly retarded motion varies as the ſquare of 


_ — 2 — 2 
d Xx ra- UN, . donde 


b * 2 a” . © 0 
the velocity) a V the ſpace that 


could have been deſcribed from the time that the rotatory 
velocity was deſtroyed, until the progreſſive motion would 
have been deſtroyed had the fricton continued to act; hence 


2 8 1 
-= X 7s 24VX raX - x rs* 


2Þ 3 the ſpace deſcribed when 


the rotatory motion was all deſtroyed, hence 


—— 


— 1 
755 DN 2avXraxrs—v Nr 


„ = whole ſpace de- 


| 45 X ar* Xx 2& 2F x ra* 
{cribed by the body before its motion becomes uniform. 
Vol. LAV. B b „ $- 
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if the effect of the friction varies as the effect of the 1 inertia, 
the decrements of the angular velocity in a given time will be 
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DEFINITION. 


The CENTER of FRICTION 7s that point in the baſe of a body 
on which it revolves, into which if the whole furface of the baſe, 
and the maſs of ihe body were collected, and made 10. revolve about 


the center of the baſe of the given body, the angular velocity de- 


in the given body by its friction in the ſame time. 


PROPOSITION III. 
To find the center of friction. 


Let FGH (fig. 4.) be the baſe of a body revolving about its 
center C, and ſuppoſe about a, b, c, &c. to be indefinitely 
ſmall parts of the baſe, and let A, B, C, &c. be the correſpond- 
ing parts of the ſolid, or the priſmatic parts having a, 6, c, &c. 
for their baſes; and P the center of friction. Now it is ma- 
nifeſt, that the decrement of the angular velocity muſt vary 
as the whole diminution of the momentum of rotation cauſed 
by the friction difecih, and as the whole momentum of rota- 
tion or effect of the inertia of all the particles of the ſolid in- 
verſely; the former being employed in diminiſhing the angular 
velocity, and the latter in oppoſing that diminution by the en- 
deavour of the particles to perſevere 1 in their motion. Hence, 


equal. Now as the quantity of friction (as has been proved 
from experiments) does not depend on the velocity, the effect 
of the friction of the elementary parts of the baſe a, 5, c, &c. 


2 1 will 
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will be as ax AC, b * bC, c x C, &c. alſo the effect of the inertia 
of the correſponding parts of the body will be as A* aC\, 


BN C', CxcC, &. Now when the whole ſurface of the 


baſe and maſs of the body are concentrated in P, the effect of 
the friction will be as a+b+c+&c. x CP, and of the inertia as 
A+B+C+ &c. x CP*; conſequently a x aC +6 x bC+c x cl 


+ &c. : a+b+c+ Kc. „CP: ; ARC DELFT SC Ree 
+ &c. : A+B+C+ &c. x CP*; and hence 


— ett 


AxaC'+B x bC*+C x cC* + &c. Xx @+0+£+8& 3 (if SS the ſum 
” a K UNC TSeN CT &c. x A+B+C+&c. 


of the products of each particle into the ſquare of its diſtance 
from the axis of motion, T the ſum of the products of each 
part of the baſe into its diſtance from the center, s= the area 


of the baſe, = the ſolid content of the body) 272 


1 
d © < 


PROPOSITION IV. 


Given the velocity with which à body begins to revolve about the 
center of its baſe, to determine the number of revolutions which the | 
body will make before all its motion be deſtroyed. | 


| Let the friction, expreſſed by the velocity which it is able to 
deſtroy in the body if it were projected in a right line horizon- 
| tally in one ſecond, be determined by experiment, and called F; 
and ſuppoſe the initial velocity of the center of friction P about 
C to be a. Then conceiving the whole furface of the baſe and 
| maſs of the body to be collected into the Point P, and (as has 


been proved i in Prop. II. )= will be the { pace which the body 


00 concentrated will deſcribe 8 all its motion be deſtroyed; . 
1 B b 2 hence 


a 


= 
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hence if we put z=PC, p=the circumference of a circle 
whoſe radius is unity, then will pz = circumference deſcribed 


by the point P; conſequently ar the rn revolutions 
required, | . 8 


Cor. If the ſolid be a cylinder and 7 be the radius of its baſe, 


| : a” 
then z= 1 , and therefore the number of revolutions = <p" 
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PROPOSITION . 


To find the nature of the curve deſcribed by any point of a boch 
affetted by fridtion, when it deſcends down any inclined plane. 


- 


— 


13 Let ef's (fig. 5.) be the body, the points a, r, 5, as in Prop. I, 
1% a and conceive 57, 7 n, to be two indefinitely ſmall ſpaces deſcribed 
hy ; by the points s and 7 in tae fame time, and which therefore 


will repreſent the velocities of thoſe points; but from Prop. I. 
the ratio of theſe velocities 1s exprefled by m x CB : a x CA, 
hence f: n:: u CB: * CA. With the center 7 let a 
circle vv be deſcribed touching the plane LM which is parallel 
to AC at the point 6, and let the radius of this circle be ſuch 
that, conceiving it to deſcend upon the plane LM along with 
the body deſcending on CA, the point & may be at reſt, or the 
circle may roll without ſliding. To determine which radius, 
produce rs to x, parallel to which draw ꝝ dy, and produce nt 
to ; now it is manifeſt, that in order to anſwer the conditions 
above-mentioned, the velocity of the point x muſt be to the 
velocity of the point 7 as 2: 1, that is, zx:yx::2: 1, 
hence 2zy=yx=nr., Now y: dt (:: ny: d:: rx: 7s; 
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—.— . 


—.— t 


X ur, conſequently — 


5 ar +nr)=— 
rx 


(from what 1s ab above) CB: ax CA; therefore 


a Xx CA XY TA Xx CA XV Xx CB X uu, hence rx 


a * CA * £8 . * . 0 
3 l the radius of the circle which rolling down 


give the true ratio of its progreſſive to its rotatory motion, 
and conſequently that point of the circle which coincides with 
any given point of the body will, as the circle revolves upon 
the line LM, deſcribe the ſame curve as the correſponding 
point of the body; but as the nature of the curve deſcribed by 
any point of a circle revolving upon a ſtraight line is already 
very well known, it ſeems unneceſſary to give the inveſtigation. 
By a method of reaſoning, not very different, may the nature 
of the curve, which 1s deſcnbed by any point of a body moving 
upon an horizontal plane, and affected by friction, be determined. 


the inclined plane LM, and carrying the body with it, will 
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XI. Obſervations and Experiments on the Light of Bodies in 8 
State of Combuſtion, By the Rev. Mr. Morgan; communicated 
by the Rev. Richard Price, LE. D. F.R.S. 


Read January 27, 1785. 


HE diſcuſſion which I now wiſh to lay before the Royal 


Society is nothing more than a ſeries of facts, and of 
concluſions which ſeem to flow from thoſe facts, and from an 
attention to the following data. 


I. That light is a body, and like all other bodies ſubject to 


the laws of attraction. 


II. That light is an heterogeneous body, and that the ſame 
attractive power operates with different degrees of force on its 
different parts, 


III. That the light which eſcapes from combuſtibles when 


decompoſed by heat, or by any other means, was, previous to 


its eſcape, a component part of thoſe ſubſtances. 

It is an obvious concluſion from theſe data, that when 
the attractive force, by which the ſeveral rays of light 
are attached to a body, is weakened, ſome of thoſe rays will 

eſcape 
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eſcape ſooner than others. Thoſe which are united with the leaſt 
degree of power will eſcape firſt, and thoſe which adhere to it 
moſt ſtrongly will (if I may be allowed the expreſſion) be the 
laſt to quit their baſis. We may here have recourſe to a familiar 
fact, which is analogous to this, and will illuſtrate it. 
If a mixture, conſiſting of equal parts of water, of ſpirits 
of wine, and of other more fixed bodies, be placed over 
a fire; the firſt influence of that heat, to which all the in- 
gredients are alike expoſed, will carry off the ſpirits of 
wine only. The next will carry off the ſpirits of wine 
blended with particles of water. A ſtill greater degree of 
heat will blend with the vapour which eſcapes a part of 
the more fixed bodies, till at length what evaporates will be a 
mixture of all the ingredients which were at firſt expoſed to 
the fire. In like manner, when the ſurface of a combuſtible is 
in a ſtate of decompoſition, thoſe parts which are the leaſt fixed, 
or which are united to it with the leaſt force, will be ſeparated 
firſt. Amongſt theſe the indigo rays of light will make the 
earlieſt appearance. By increaſing the heat we ſhall mix the 


the blue and the-green to the mixture, till at length we reach 
that intenfity of heat which will cauſe all the rays to eſcape 
at the ſame inſtant, and make the flame: of a combuſtible 
perfectly white. It is not my preſent deſign to ſhew why 
the moſt refrangible rays are the firſt which eſcape from a 


| that the various colours of bodies in this ſtate are uniformly 
egulated by that decreaſe of attractive force now deſcribed, 


CY) — OCT — 


By 


violet with the indigo. By increaſing it ſtil more we ſhall add 


burning body, but to enumerate the ſeveral facts which ſeem to 
| thew, that ſuch a general law takes place in combuſtion ; and 
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By examining the flame of a common candle we may oh. 
ſcrve, that its loweſt extremities, or the part in which the black 
colour of the wick terminates, diſcharges the leaſt heat; and 
that, as the vertex of the flame is approached, a ſucceſſive order 
of parts 1s paſſed through, in which the loweſt 15 continually 
adding to the heat of what is juſt above it, till we come to 
the top of the flame, near which all the heat is collected into a 
focus. At the loweſt extremity, however, where the heat is 
inconſiderable, a blue colour may be always obſerved; and 
from this appearance, amongſt others, it may, I think, be 
ſafely concluded, that the blue rays are ſome of thoſe which 
eſcape from combuſtibles in an early period of their decompo- 
ſition; and that if the decompoſition could be examined in a 
period ſtill more early, the colour of their flame would be 
violet. By an à priori deduction of this kind, I was led to 
watch the appearances of a candle more attentively ; whence ! 
found that to the external boundary of a common candle 
15 annexed a filament of light, which, if proper care be 
taken to prevent the eſcape of too much ſmoke, will appear 
moſt beautifully coloured with the violet and indigo rays. - To 
the preceding inſtance of a common candle many facts may 
be added, which ſpeak a ſimilar language. If ſulphur or 
æther is burned, or any of thoſe combuſtibles whole 
vapour is kindled in a ſmall degree of heat, a blue flame 
will appear, which, if examined by the priſm, will be found 
to conſiſt of the violet, the indigo, the blue, and ſometimes a 
ſmall quantity of the green rays. The beſt mode, however, 
of ſhewing the eſcape of ſome rays by that degree of heat 
which will not ſeparate others till increaſed, is the following- 


Give a piece of brown paper a ſpherical form, by preſſing it 
meu 


- 
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tpon any hard globular ſubſtance. Gradually bring the paper, 
thus formed, to that diſtance from the candle at which it will be- 
gin to take fire. In this cafe a beautiful blue flame may be ſeen, 
hanging as it were by the paper till a hole is made in it, when 
the flame, owing to the increaſed action of the air upon all 
parts of it, becomes white, though the edges ſtill continue of 
a blue or violet colour. As a confirmation of what I have 
concluded from the preceding facts, it may be obſerved, that 
the very flame which, when expoſed to a certain degree of 
heat, emitted the moſt refrangible rays only, will, if expoſed 
to a greater degree of heat, emit ſuch as are leſs refrangible. 
The flames of ſulphur, ſpirits of wine, &c. when ſuddenly 
expoſed to the heat of a reverberatory, change their blue ap- 
pearance for that which is perfectly white. But to gain a 
more ſtriking diverſity of this fact, I adopted Mr. MRLVILI's 
mode of examining bodies whilſt on fire. I darkened my 
room, and placed between my eye and the combuſtible a ſheet 
of paſteboard, in the center of which I made a ſmall perfora- 
tion. As the light of the burning body eſcaped through this 
perforation, I examined it with a priſm, and obſerved the fol- 
lowing appearances. When the ſpirits of wine were ſet on 
fire, all the rays appeared in the perforation ; but the violet, 
the blue, and the green, in the greateſt abundance. When 
the combuſtion of the ſpirits was checked by throwing ſome 
ſal ammoniac into the mixture, the red rays diſappeared ; but 
when, by the long continuance of the flame, the ſal ammoniac 
was rendered ſo hot as to increaſe, rather than diminiſh the 
combuſtion, the red rays again appeared at the perforation. If 
the ſcreen was managed fo that the different parts of the 
flame might be examined ſeparately, I always obſerved that 
Vor., LXXV. Cc the 


le 


——— - — — 
_— 2 þ 
— — » 
— wed 
— _= ol 
o * - 4 2 + £ — 
r 


7 —_— . | 
*7 4 Waal I'S © x3 -*.- Ny, _ 
— 2 . - 
— A T mz 
. — 2 — bs, * 
— — — . — 5 —— . — 2 — 
222 — * — = RES =, N 


2 % * * a h * g 
= © — 
W J _— * A —. 2 — PR — S 
"8.7 = 2 - = — as . . N — — — 0 1 = . - — ks - - 
7 - - 4 


- - 
* * 
wp — — — . _— > 
o — 
- - + my — . a 
-- . _=_=X 
» WE AY - — pw. . G d — — Were — 
2 - n * * 
—— 2 A 4 
Q _ - a wo * -% 4 
. ho 4 1 1 — — 
= 
6 * 5 — n E * . — — 
2 — — — 
oe WE M's Cas = Ry ———bʃ ” — * r 
— => — ERR . WM 2 — — 8 . þ a - 
- # 


till 1 reached the top, when all the rays appeared in the 


violet. On the other hand, owing to the imperfection of the 
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the colours varied according to the degree bf heat. At 
the baſe of the flame, or where the heat was leaſt, the in. 
digo, the violet, and a very ſmall tinge of the blue and 
green appeared. As I approached the vertex of the flame, 
the rays which eſcaped became more and more numerous 


priſm. It thould be attended to, that when the red rays. firſt 
made their appearance, their quantity was ſmall, and gradually 
increaſed as the eye m its examination approached that part 
where the heat was greateſt. Mr. MEL vILL, when he made 
ſome of the preceding experiments, obſerved, that the yellow 
rays frequently eſcaped in the greateſt abundance; but this ſm- 
gularity proceeded from fome circumſtances. which eſcaped his 
attention. In conſequence of mixing acids or ſalts with the 
burning ſpirits, a very denſe fume of unignited particles ariſes, 
and before the rays of the burning bedy arrive at the perfora- 
tion where the priſm catches them, they muſt pals through a 
medium which will abſorb a great part of the indigo and the 


decompoſition, very few of the red rays. are ſeparated from their 
daſis, and conſequently the yellow and the orange rays are 
thoſe alone which — through the unburnt imeke of the 
flame. 

I would now proceed with obſerving, that, beſides theiey 
creaſe or decreaſe of heat, there are other modes of retarding 
or accelerating the combuſtion of bodies, by which alſo may 
be examined ſome of the preceding illuſtrations. 

1. A candle burns moſt rapidly and bxilliantly in a 
giſticated air. 


2, The 


* 
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2. The blue colour of a ſulphureous flame in pure air is 
changed into a dazzling white. | Ls 
3. The flame of inflammable air, when mixed with ni- 


> trous air, is green. It is white ſtrongly tinged with the indigo 


and violet when mixed with common air; but when mixed 
with dephlogiſticated air, or ſurrounded by it, the brilliancy 
of its flame is moſt ſingularly beautiful. 


body, is gradually decompoſed during combuſtion; if they 
prove, likewiſe, that the indigo rays eſcape with the leaſt heat, 
and the red with the greateſt; I think we may rationally ac- 
count for ſeveral ſingularities in the colours of different flames. 
If a piece of paper, impregnated with a ſolution of copper in 
the nitrous acid, be ſet on fire, the bottom and fides of the 
flame are always tinged with green, Now this flame is evi- 
dently in that weak ſtate of decompoſition, in which the moſt 
refrangible rays eſcape in the greateſt abundance ; but of theſe 
rays the green eſcape moſt plentifully through the unignited 
vapour and that portion of the atmoſphere which ſeparates the 
eye from the flame. The peculiarity which T have now endea- 
voured to account for may be obſerved in the greateſt perfection 
in braſs founderies. The heat in this inſtance, though very 
ſtrong, is ſcarcely adequate to the decompoſition or the metallic 
vapour which eſcapes from the melted braſs. A very ſingular 
flame therefore appears to the eye; for while its edges are green, 
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* f its body is ſuch as to give the objects around a very pallid or 
| ghaſtly appearance, which is the conſequence of its wanting 
> © that portion of red rays which is neceflary to make a perfect 


white. 


e . , - In 


If the preceding facts prove that light, as an heterogeneous 
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diately diſcharge their W rays, and be decompoſed in the 
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The moſt ſingular phænomenon attending a burning body 
is, perhaps, the red appearance it aſſumes in its laſt ſtage os 
combuſtion, The preceding facts and obſervations may, I 
rhink, help us to explain it. c e ? 
1. After a body has continued to 1 for ele dens its 
external furface is to be regarded as having loſt a great portion 
if not the whole of thoſe rays which the firſt application of 
heat was able to-feparate. But theſe rays were the indigo, the 
violet, the blue, and-perhaps the green. Nothing, therefore, wilt 
remain. to be ſeparated, but the yellow, the orange, and the red; 
Conſequently, the eombuſtion of the body, in its. laſt ſtate of de- 
compoſition, can aſſume no other than a reddiſh appearance; But 
2. Let us conſider the external ſurface of the combuſtible 
as annexed to an inner ſurface, which may be partly, but not ſo 
perfectly decompoſed as itſelf: for the violence of the heat will 
be found to leſſen in its effects the nearer it approaches to the 
center of the ſubſtance which is expoſed to it. Hence we are 
to conſider the parts which. are juſt covered by the external ſur- 
face as having loſt leſs of their component light than the exter- 
nal ſurface itſelf. Or the former may retam the green rays 
when the latter has loſt both indigo, violet, blue, and green. 

3- Thoſe parts which are nearer the center: of the body 
than either of the preceding muſt, as they are further from 
the greateſt violence of the heat, have loſt proportionably 
fewer of their rays. Or while the more external parts may 
have loft all but the red, theſe — have loſt only the ind 
and violet. 

4. The moſt central parts may be unaffected 1 the 3 
and whenever the fire does reach theſe parts, they will imme- 


gradual 
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gradual manner which I have already deſcribed. A piece of 
rotten wood, whilſt burning, will exemplify and confirm the 
preceding illuſtration. When influenced by the external air 
only, if examined through a priſm, no rays will be found to 
eſcape but the orange and the red. By blowing upon the 
burning wood with a pair of bellows, the combultion, 
being increaſed, will affect thoſe internal parts of the body 
which were not acted upon before. Theſe parts, therefore, 
will begin to loſe their light, and a priſm will ſhew the 
green, the blue, the violet, and indigo, all appearing in. ſuc- 
ceſſion. Appearances ſimilar to the preceding may be ob- 
ſerved in a common kitchen fire. When it is fainteſt, its 
colour is moſt red, the other rays having been emitted, and 
the combuſtion at a ſtand ; but by blowing upon it in this 
ſtate, its brightneſs will. be increaſed, and more and more of 
the rays which are yielded by the internal parts of the body 
will come to the eye, till at length, by continuing to blow, the 
combuſtion will be made fo complete as to FRE * * ys, 
or to make it appear perfectly white. | 
Many are the varieties diſcoverable in the flames and in-the 
appearances of fixed burning bodies to which the preceding 
obſervations may be applied; but, to avoid unneceſſary amplifi- 
cation I will take notice only of what appears to me an imper- 
fection in Sir Isa Ac NEewrTow's definition of flame. He con- 
jectures, that it may be a vapour heated red-hot. I think I. 
ſnould rather ſay, that flame is an inſtance of combuſtion 
whoſe colour will be determined by the degree of nee 
tion which takes place. If it be very imperfect, the moſt 
refrangible rays only will appear. If it be very perfect, all 
the an will en and its flame will be brilliant in. 
| | 1 
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proportion to this perfeftion. There are flames, however, 
which conſiſt of burning particles, whoſe rays have partly 
eſcaped before they aſcended in the form of vapour. Such 


would be the flame of a red-hot coal, if expoſed to ſuch a heat 


as would gradually diſperſe it into vapour. When the fire is 
very low under the furnace of an iron foundery, at the upper 
orifice of the chimney a red flame of this kind may be ſeen, 
which is different from the flame that appears immediately after 
freſh coals have been thrown upon the fire; for, in conſe- 
quence of adding ſuch a ſupply to the burning fuel, a vaſt 
column of ſmoke aſcends, and forms a medium ſo thick as to 
abſorb moſt of the rays excepting the red. 


Experiments on electric light, 


If we would with to procure any degree of certainty in any 


hypotheſis which we may form concerning electrical light, 


perhaps the following general deductions may be of ſome ſer⸗ 


vice to Us. 


1. There is no fluid or ſolid body in its paſſage chem 


which the electric fluid may not be made luminous. In water, 


ſpirits, oil, animal fluids of all kinds, the diſcharge of a Ley- 
den phial of almoſt any ſize will appear very ſplendid, pro- 
vided we take care to place them in the circuit, ſo that the 


fluid may not paſs through too great a quantity of them. My 


general method is to place the fluid, on which I mean to make 
the experiment, 1n a tube three-quarters of an inch in diameter, 
and four inches long. I ſtop up the orifices of the tube with 


two corks, through which I puſh two pointed wires, ſo that the 


points may approach within one-eighth of an inch to each 
2 other. 
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other: The fluid in paſſing through the interval which ſepa- 
rates the wires is always luminous, if a force be uſed ſuffi- 


ciently ſtrong. 1 ſhould obſerve, that the glaſs tube, if not 
very thick, always breaks when this experiment ſucceeds, To 


make the paſlage of the fluid luminous in the acids, they muſt 


be placed in capillary tubes, and two wires introduced, as in 
the preceding experiment, whoſe points ſhall be very near each 
other. It is a well known fact, that the diſcharge of a ſmall 
Leyden phial in paſſing over a {trip of gold, ſilver, or Dutch 
metal leaf, will appear very luminous. By conveying the con- 
tents of a jar, meaſuring two gallons, over a ſtrip of gold leaf 
one-eighth of an inch in diameter, and a yard long, I have 
frequently given the whole a dazzling brightneſs. 1 cannot 
ſay, that a much greater length might not have been made 
very ſplendid, nor can I determine to what length the 
force of a battery might be made luminous in this manner. 
We may give this experiment a curious diverſity, by laying 
the gold or filver leaf on a piece of glaſs, and then placing the 
glaſs in water; for the whole gold leaf will appear moſt bril- 
lantly luminous in the water by expoſing it, thus carcum- 
ſtanced, to the exploſion of a battery. 

2, The difficulty of making any quantity of the electrical 
fluid luminous in any body increaſes as the bg power 
of that body increaſes. 

EXP. 1. In order to make the contents of a jar 1 
in beiling water, a much higher charge is neceſſary than would 
be ſufficient to make it luminous in cold water, which is uni- 
verſally allowed to be the worſt conductor. 

Exp. II. I have various reaſons for believing the acids to 
be very good conductors. If therefore into a tube, filled with 
water, and circumſtanced as I have already deſcribed, a few 

drops 
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drops of either of the mineral acids are poured, it will be 
almoſt impoſſible to make the fluid luminous in its pany 
through the tube. 
- EXP, 111. If a ſtring *, whoſe diameter is one-eighth of an 
inch and whoſe length is ſix or eight inches, is moiftened with 
water, the contents of a jar will paſs through it luminouſly, 
but no ſuch appearance can be produced by any charge of the 
ſame jar, provided the ſame ſtring be moiſtened with one of 
the mineral acids. To the preceding inſtance we may add 
the various inftances of metals which will conduct the ele&ri- 
cal fluid without any appearance of light, in circumſtances 
the ſame with thoſe in which the ſame 'force would have ap- 
peared luminous in paſſing through other bodies whoſe con- 
ducting power is leſs. But I proceed to obſerve, 
III. That the eaſe with which the electrical fluid is rendered 
luminous in any particular body is increaſed by increafing 
the rarity of the body. The appearance of a fpark, or of 
the diſcharge of a Leyden phial, in rarefied air is well known. 
But we need not reſt the truth of the preceding obſervation on 
the ſeveral varieties of this fact; ſimilar phænomena attend the 
rarefaction of æther, of ſpirits of wine, and of water. 
Ex. Iv. Into the orifice of atube, 48 inches long, and two- 
thirds of an inch in diameter, I cemented an iron ball, ſo as to 
bear the weight which preſſed upon it when I filled the tube 
with quickſilver, leaving only an interval at the open end, 
which contained a few drops of water. Having inverted the 
tube, and plunged the open end of it into a baſon of mercury, 
the mercury in the tube ſtood nearly half an inch lower than it 


* The thickneſs and diameter of the ſtring ſhould be regulated by the force we 
employ; 
did 


ter the electrical ſpark patſed : as luminoufly as it does through 
air equally rarefied. 

EXP. v. If, inſtead of water, a few drops of ſpirits of wine are 
placed on the furface of the mercury, phænomena ſimilar to 
thoſe of the preceding experiment will be diſcovered, with 
this difference only, that as the vapour in this caſe is more 
denſe, the electrical ſpark in its paſſage through it is not quite 
ſo luminous as it is in the vapour of water. 

EXP. VI. Good æther ſubſtituted in the room of the ſpirits 
of wine will preſs the mercury down ſo low as the height of 
16 or 17 inches. The electrical fluid in paſſing through this 
vapour (unlefs the force be very great indeed) is ſcarcely lumi- 
nous. But if the preſſure on the ſurface of the mercury in the 
baſon be gradually leſſened by the aid of an air-pump, the va- 
pour will become more and more rare, and the electric ſpark in 
paſſing through it more and more luminous. 

EXP, vii. I could not diſcover that any vapour eſcaped: from 
the mineral acids when expoſed in vacuo. To give them, 
therefore, greater rarity or tenuity, I found different methods 
neceflary, With a fine camel-hair pencil, dipped in the vi- 
triolic, the nitrous, or the marine acid, I drew upon a piece of 
glaſs a line about one-eighth of an inch broad. In ſome in- 
ſtances J extended this line to the length of 27 inches, and 
found that the contents of an electric battery, conſiſting of 10 
pint phials coated, would paſs over the whole length of this 
line with the greateſt brilliancy. If by widening the line, or 
by laying on a drop of the acid, its quantity was increaſed 
in any particular part, the charge, in paſſing through that part, 

never appeared luminous. Water, ſpirits of wine, circum- 
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did in a barometer at the ſame inſtant, owing to the vapour 
which was formed by the water. But through this rarefied wa- 
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ſtanced fimilarly to the acids in the preceding experiment, 
were attended with ſimilar, but not equal effects, becauſe, in 
conſequence of the inferiority of their conducting power, it was 
neceſlary to make the line through which the charge paſſed 
conſiderably ſhorter. 

4. The brilliancy or ſplendor of the electric fluid in its 
paſſage through any body is always increaſed by leflening the 
dimenſions of that body. I would explain my meaning by ſay. 
ing, that a ſpark, or the diſcharge of a battery which we might 
{uppoſe equal to a ſphere one quarter of an inch in diameter, 
would appear much more brilliant if the fame quantity of fluid 
is compreſſed into a ſphere one-erghth of an inch in diameter. 
This obfervation 15 the obvious conſequence of many known facts. 
If the machine be large euough to afford a ſpark whoſe length 


is nine or ten inches, this fpark may be feen ſometimes forming 


itſelf into a bruſh, in which ſtate it occupies more room, but ap- 
pears very faintly luminous. At other times the fame ſpark may 
be ſeen dividing itſelf into a variety of ramifications which thoot 
into the ſurrounding air. In this cafe, tikewiſe, the fluid is 
diffuſed over a large ſurface, and in proportion to the extent of 
that ſurface, ſo is the faintneſs of the appearance, A ſpark, 
which in the open air cannot exceed one quarter of an inch in 
diameter, will appear to fill the whole of an exhauſted receiver 
four inches wide and eight inches long. But in the former 
caſe it is brilliant, and in the latter it grows fainter and fainter 
as the ſize of the receiver increaſes. To prove the obſervation, 
which I think may be juſtified by the preceding facts, I made 
the following experiments. 

EXP. vIII. To an inſulated ball, four inches in diameter, I 
fixed a ſilver thread, about four yards long. This thread, at 
the end which was remoteſt from the ball, was fixed to another 
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inſulated ſubſtance. I brought the ball within the ſtriking 
diſtance of my conductor, and the ſpark in paſting from the con- 
ductor to the ball appeared very brilliant; but the whole length 
of the ſilver thread appeared faintly luminous at the fame in- 
ſtant. In other words, when the ſpark was confined within 
the dimenſions of a ſphere one-eighth of an inch in diameter, 
it was bright, but, when diffuſed over the ſurface of air which 
received it from the thread, its light became ſo faint as to be 
ſeen only in a dark room. If I leflened the ſurface of air 
which received the ſpark by ſhortening the thread, I never 
failed to increaſe the brightneſs of the appearance. 

EXP. IX. To prove that the faintneſs of the electric light 1 
vacuo depends on the enlarged dimenſions of the ſpace through 
which it is diffuſed, we have nothing more to do than to in- 
troduce two pointed wires into the vacuum, ſo that the fluid 
may paſs from the point of the one to the point of the other, 
when the diſtance between them is not more than the one-tenth 
of an inch. In this caſe we ſhall find a brilliancy as great as 
in the open air. | 


* 


EXP. x. Into a Torricellian vacuum, 36 inches in length, I 
conveyed as much air as would have filled two inches only of the 
exhauſted tube, if it were inverted in water. This quantity of 
ar afforded reſiſtance enough to condenſe the fluid as it paſſed 
through the tube into a ſpark 38 inches in length. The bril- 
liancy of the ſpark in condenſed air, in water, and in all ſub- 
ſtances through which it paſſes with difficulty, depends on 
principles ſimilar to thoſe which account for the preceding facts. 
I would now proceed to ſhew, 

5. That in the appearances of electricity, as well as in thoſe 
of burning bodies, there are caſes in which all the rays of light 
do not eſcape; and that the moſt refrangible rays are thoſe 

D d 2 which 
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— 


which eſcape firſt or moſt eaſily. The electrical bruſh ig 


always of a purple or bluiſh hue. If you convey a ſpark 
through a Torricellian vacuum, made“ without boiling the 
mercury in the tube, the bruth will diſplay the indigo rays, 
The ſpark, however, may be divided and weakened even in 
the open air, fo as to yield the moſt refrangible rays only. 
EXP. XI, To an inſulated metallic ball, four inches in dia- 
meter, I fixed a wire a foot and a half long. This wire termi- 
nated in four ramifications, each of which was fixed to 2 
metallic ball half an inch in diameter, and placed at an 


equal diſtance from a metallic plate, which communicated by 


metallic conductors with the ground. A powerful ſpark, after 
falling on the large ball at one extremity of the wire, was 
divided in its paſſage from the four ſmall balls to the metallic 
plate. When I examined this diviſion of the fluid in a dark 
room, I diſcovered ſome little ramifications which yielded the 
indigo rays only: indeed, at the edges of all weak ſparks the 
fame purple appearance may be diſcovered. We may likewiſe 
ebſerve, that the nearer we approach the center of the ſpark, 
the greater is the brilliancy of its colour. But I would now 
wiſh to ſhew 

6. That the influence of different media on electrical light 
is analogous to their influence on ſolar light, and will help us 
to account for ſome very ſingular appearances. 

EXP.XII. Let a pointed e a metallic ball fixed to one 
of its extremities, be forced obliquely into a piece of wood, ſo as 
to make a ſmall angle with the ſurface of the wood, and to make 


* If the Torricellian vacuum is made with mercury perfectly purged of air, it 
becomes a perfect non- conductor. This, I believe, will be proved deciſively by 
Jeme experiments which I hope will be ſoon communicated to the Royal Society. 

Dr 0 PRICE. 


the 


the Light of Bodies in a State of Combiſtion. 205 
the, point lie about one-eighth of an inch below the ſurface. 
Let another pointed wire, which communicates with the ground, 
be forced in the ſame manner into the ſame wood, ſo that 
its point likewiſe may lie about one- eighth of an inch below 
the ſurface, and about two inches diſtant from the point of 
the firſt wire. Let the wood be 1atulated, and a ſtrong ſpark 
which ſtrikes on the metallic ball will force its paſſage through 
the interval of wood which hes between the points, and appear 
as red as blood. To prove that this appearance depends on the 
wood's abſorption of all the rays but the red, I would obſerve, 
that the greater the depth of the points is below the ſurface, the 
leſs mixed are the red rays. I have been able ſometimes, by in- 
creaſing or diminiſhing the depth of the points, to give the 
ſpark the following ſucceſſion of colours. When they were 
deepeſt below the ſurface, the red only came to the eye through 
a priſm. When they were raiſed a little nearer the ſurface, 
the red and orange appeared. When nearer ſtill, the yellow ; 
and ſo on till, by making the ſpark paſs through the wood very 
near its ſarface, all the rays were at length able to reach the 
eye. If the points be only one-eighth of an inch below the 
ſurface of ſoft deal wood, the red, the orange, and the yel- 
low rays will appear as the ſpark paſſes through it. But when 
the points are at an equal depth in a harder piece of wood (ſuch 
as box) the yellow, and perhaps the orange, will diſappear. As 
2 farther proof that the phænomena I am deſcribing are owing to 
the interpoſition of the wood, as a medium which abſorbs ſome 


when the ſpark ſtrikes very brilliantly on one ſide of the piece 
of deal, on the other fide it will appear very red. In like man- 
ner a red appearance may be given to a ſpark which ſtrikes 

brilliantly 


of the rays and ſuffers others to eſcape, it may be obſerved, that 
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brilliantly over the inſide of a tube, merely by ſpreading ſome 
pitch very thinly over the outſide of the ſame tube. 
EXP. xIII. I would now give another fact, whoſe ſingulari- 


ties depend very much on the influence of the medium through 


which the electrical light is made to paſs. If into a Torricel- 
lian vacuum, of any length, a few drops of æther are conveyed, 
and both ends of the vacuum are ſtopped up with metallic con- 
ductors, ſo that a ſpark may paſs through it, the ſpark in its 
paſſage will aſſume the following appearances, When the eye 
is placed cloſe to the tube, the ſpark will appear perfectly 


white. If the eye is removed to the diſtance of two yards, it 


will appear green ; but at the diſtance of fix or ſeven yards, 
the colour of the ſpark will be reddiſh. Theſe changes evi- 
dently depend on the quantity of medium through which the 
the light paſſes; and the red light more particularly, which 
we ſee at the greateſt diſtance from the tube, is accounted for 
on the ſame principle as the red light of a dittant candle or a 
beclouded ſun. 

EXP. XIV. Dr. PRIESTLEY long ago obſerved the * ap- 
pearance of the ſpark when paſling through inflammable air. 
But this appearance is very much diverſified by the quantity of 
medium, through which you look at the ſpark. When at a 
very conſiderable diſtance, the red comes to the eye unmixed; 
but, if the eye is placed cloſe to the tube, the ſpark appears 
white and brilliant. In confirmation, however, of ſome of 
my concluſions, I would obſerve, that by increaſing the 
quantity of fluid which is conveyed through any portion 
of inflammable air, or by condenſing that air, the ſpark may 


be entirely deprived of its red appearance, and made perfectly 


brilliant, I have only to add, that all weak exploſions and 
ſparks, 
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ſparks, when viewed at a diſtance, bear a reddiſh hue. Such 
are the exploſions which have paſſed through water, ſpirits of 
wine, or any bad conductor, when colin in a tube w hoſe 
diameter is not more than an inch. The reaſon of theſe 
appearances ſeems to be, that the weaker the ſpark or exploſion 
is, the leſs is the light which eſcapes; and the more vifible 
the effect of any medium which has a power to abſorb ſome of 
that light. | 

The preceding obſervations concerning electrical light were 
the refult of my attempts to arrange, under general heads, 
the principal fingularities attending it. They may, perhaps, 
| alliſt others in ee how far they may have led my mind 


aſtray in giving birth to a theory which L would now briefly 
deſcribe in a few queries. 

I. If we conſider all bodies as compounds, whoſe conſtituent 
parts are kept together by attracting one another with different 
forces, can we avoid concluding, that the operations of that 
attractive force are regulated, not only by the quality, but the 
quantity likewiſe of thoſe component parts ? If an union of a 
certain number of one kind of particles, with a certain num- 
ber of a ſecond and third kind of particles, forms a particular- 
body, muſt not the bond which keeps that body together be 
weakened or ſtrengthened by increafing or diminiſhing any one 
of the different kinds of particles which. enter into its conſti- 
tution ? | 

II. Wen 4 to the natural ſhare of the elektrie fluid al- 
ready exiſting in the body, a freſh quantity of the fame- 
fluid 3s added muſt not ſome of the component parts of that 
- oo eſcape; or muſt not that attractive force which kept all 
| together be fo far weakened as. to let looſe ſome conſtituent: 
parts... 
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parts, and amongſt theſe the particles of light in parti. 
cular ? 

III. Muſt not this feparation of parts be great in proportion 
to the quantity of extraneous particles which are added to the 
body ? Or (agreeable to the 4th obſervation) muſt not the 
ſpark be more ſplendid and brilliant, the more the electrical 
fluid is concentered in any given ſpace ? 

IV. In the diminution or alteration of that attractive force on 
which depends the conſtitution of bodies, may there not be a 
gradation which, in the preſent caſe, as well as in that of 
burning bodies, will cauſe the eſcape of ſome rays ſooner than 
others ? 


Obſervations on phoſphoric light. 


It is obvious, from Mr. B. WirsoN's experiments, that 
there are many curious diverfities in the appearances of phot- 
phori. Some fhells, prepared agreeably to his directions, after 
expoſure to the fun or to the flaſh of a battery, emit a purple, 
others a green, and others a reddith light. If with Mr. Wir- 
SON we ſuppoſe, that theſe ſhells are in a ſtate of flow com- 
buſtion, may we not conclude, that ſome are juſt beginning to 
burn, and therefore, agreeably to what I have obſerved on com- 
buſtible bodies, emitting the moſt refrangible rays; whilſt others 
are in a more mm ſtate of combuſtion, and therefore 
emitting the leaſt refrangible. If this conchaſion be right, 
the ſhells which are emitting the purple, or the green, mult 
ftill retain the yellow, the orange, and the red, which wil 
alſo make their appearance as ſoon as the combuſtion is ſuffi- 
ciently increaſed. | 

EXP. 
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EXP, xv. Place a ſhell whilſt emitting its green rays on a 
warm ſhovel, and the appearance of the ſhell will be ſoon 
changed into that-of a yellow mixed with red. To Mr. WI I- 
son's theory, however, of flow combuſtion the lowing ob» 
* may be oppoſed. R 

19. If phoſphoric ſhells owe their licht to this cauſe, we 
muſt conſider the word combuſtion when applied to them as 
implying in its ſignification all-thoſe circumſtances which are 
the uſual attendants of a body whilſt on*fire. Amongſt other 
neceflary conſequences in ſuch a caſe, rhe-increaſe of heat muſt 
increaſe the decompoſition of the combuſtible; whereas we 
diſcover an effect the very oppoſite to this in the appearance of 
a phoſphoric body, which never fails to loſe its light entirely 
in a certain degree of heat, without loſing the power of be- 
coming phoſphoric again when it has been ſufficiently cooled. 
Beſides, when a phoſphoric ſhell has been made very hot, and 
while it has continued ſo, I have conveyed the moſt brilliant 
diſcharge of a battery over it without effect. In ether words, 
heat, or the vety cauſe which promotes combuſtion in all other 
inſtances, in this particular caſe puts an end to it. Mr. WII. 
SON, in his Treatiſe on Phoſphori, has defcribed an experiment 
ſimilar to the preceding. But the reſult he mentions is different 
from 'that here mentioned. However, from a regard to his 
authority, I have fo frequently repeated my trials that I cannot 
juſtly ſuſpe& myſelf of any inaccuracy. 25. When bodies 
are waſted by combuſtion, they can never be made to re-afſume 
the appearances which they previouſly diſplayed. No power 
can give to aſhes the phenomena of a burning coal. But 
phoſphoric bodies are very different in this reſpect; for a ſhell 


may be made to loſe all its light by expoſure to heat, and again 
Vol. LXXV. E e may 
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may be made as luminous as ever by expoſure to the ſun. But 
3. It is obſervable, that ſome bodies, which are moſt beau- 
tifully phoſphoric, or which, according to Mr. Wi1LsoN's 


theory, are in the beſt ſtate of flow combuſtion ; 1t 1s obſervable, 


I ſay, that the ſame bodies are the moſt obſtinate iu reſiſting the 
fire. The diamond, which to be decompoſed requires the 
force of a moſt powerful furnace, is, according to this 
theory, waſting away, owing to a ſeparation of parts which 
is promoted by the weakeſt influence of the ſun's rays. —With- 


out determining whether the preceding objections be valid, let us 


now ſee the conſequence of admitting the common hypotheſis, 
that the detention of thoſe rays which fall upon phoſphor is 
owing to ſome force which prevents their immediate reflection, 
but 1s not adequate to their entire abforption. This force, 
whatever it be, cannot well be ſuppoſed to operate with equal 
power on all the rays. And if this be not the caſe, I think 
we cannot avoid concluding, that phoſphoric ſhells will aſſume 
different colours, owing to the earlier and later eſcape of the 
different rays of light. This concluſion is juſtified by an expe- 
riment which I have already appealed ta. When the force 1s 
ſich as to admit of the eſcape of the purple, the blue, and the 
green, we haye only to leflen that force by warming the body, 
and the yellow, the orange, and red eſcape. It is proved by 
Beccarr1A's extenſive experience on this ſubject, that there 1 
ſ-arcely any body which is not phoſphoric, or which may not 
be made ſo by heat. But as the phoſphoric force is mot 
powerful when the purple rays only eſcape, ſo we are to con- 
clude, that it is weakeſt when it is able to retain the red rays only. 
This concluſion is agreeable to ſeveral facts. Chalk, oyſter- 
ſhells, together avwith thote phoſphoric bodies whoſe goodnels 
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has been very much impaired by long keeping; when 
finely powdered and placed within the circuit of an electrical 
battery, will exhibit by their ſcattered particles a ſhower 
of light; but theſe particles will appear reddiſh, or their 
phoſphoric power will be ſufficient only to detain the 
yellow, orange, and red rays. When ſpirits of wine are in a 
ſimilar manner brought within the circuit of a battery, a 
ſimilar effect may be diſcovered ; its particles diverge in feveral 
directions, diſplaying a moſt beautiful golden appearance. The 
metallic calces are, of all bodies, thoſe which are rendered 
phoſphoric with the greateſt difficulty, But even theſe may 


be ſcattered into a ſhower of red luminous particles by the 
electric ſtroke. 


Norwich, Oct. 7, 1784. 


POSTSCRIPT by the Rev. Dr. Parce. 


BY the phoſphoric force mentioned in the laſt paragraph of 
this paper, Mr. Morgan appears to mean, not the force with 
which a phoſphoric body emits, but the force with which it 
abſorb; and retains light. This laſt force is proportioned 
to the degree of attraction between the phoſphoric body and 
light; and therefore muſt (as Mr. Mok Ax obſerves) be 
weakeſt when it emits ſo freely the light it has imbibed as not 
to retain thoſe rays which adhere to it moſt ſtrongly. Ac- 
cording to Mr. MoxGaAN's theory, theſe rays are thoſe which 
KS £63 are 
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are leaſt refrangible. The obſervations and experiments in 
this paper ſeem to render this theory probable, It is, how- 
ever, an objection to it, that the leſs refrangibility of rays 
ſeems to imply a leſs force of attraction between them and the 
fubſtances which refract them; but it ſhould be conſidered, 
that, poſſibly, the force of cohefion, which unites: the rays 
of light to bodies, may be a different power from that which 
refracts them. 
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XII. On the Conſtruction of the Heavens. 
By William Herſchel, E/q. F. R. S. 


Read February 3, 1785. 


HE ſubject of the Conſtruction of the Heavens, on 


we cannot exert too much attention in our endeavours to throw 


to purſue the delineations of which a faint outline was begun 
in my former paper. 

By continuing to. obſerve the heavens with my laſt con- 
ſtructed, and ſince that time much improved inſtrument, I am 
now enabled to bring more confirmation to ſeveral parts that 


further extended hints, ſuch as they preſent themſelves ta my 
preſent view. But firſt let me mention that, if we would 
hope to make any progreſs in an inveſtigation af this delicate 


fanciful imagination and build worlds of our own, we muſt 
not wonder at our going wide from the path of truth and 
nature; but theſe will vaniſh like the Carteſian vortices, that 


hand, if we add obſervation to obſervation, without attempt- 


which I have ſo lately ventured to deliver my thoughts 
to this Society, is of ſo extenſive and important a nature, that 


all poſſible light upon it ; I ſhall, therefore, now attempt 


were before but weakly ſupported, and alſo to offer a few ſtill 


nature, we ought to avoid two oppoſite extremes, of. which I 


can hardly ſay which is the moſt dangerous. If we indulge a 


ſoon gave way when better theories were offered. On the other 


ing to draw not only certain concluſions, but alſo conjectural 
| views 
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views from them, we offend againſt the very end for which 
only obſervations ought to be made. I will endeavour to keep 


a proper medium; but if I ſhould deviate from that, I could 
with not to fall into the latter error. 


That the milky way is a moſt extenſive ſtratum of ſtars of 


various ſizes admits no longer of the leaſt doubt; and that our 
ſun is actually one of the heavenly bodies belonging to it is as 
evident. I have now viewed and gaged this ſhining zone in 
almoſt every direction, and find it compoſed of ſtars whoſe 
number, by the account of theſe gages, conſtantly increaſes 
and decreaſes in proportion to its apparent brightneſs to the 
naked eye. But in order to develop the ideas of the univerſe, 
that have been ſuggeſted by my late obſervations, it will be beſt 
to take the ſubject from a point of view at a confiderabls 
diſtance both of ſpace and of time. 


Theoretical view. 


Let us then ſuppoſe numberleſs ftars of various ſizes, ſcat- 
tered over an indefinite portion of ſpace in ſuch a manner as to 
be almoſt equally diſtributed throughout the whole. The laws 
of attraction, which no doubt extend to the remoteſt regions of 
the fixed ſtars, will operate in ſuch a manner as moſt probably to 
produce the following remarkable effects. 


Formation of nebulæ. 


Form I. In the firſt place, ſince we have ſuppoſed the ſtars 


to be of various fizes, it will frequently happen that a ſtar, 
being conſiderably larger than its neighbouring ones, will 
attract thera more than they will be attracted by others that arc 


immediately 
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Canſtruction of the Heavens. 27 5 
immediately around them; by which means they will be, in 


time, as it were, condenſed about a center; or, in other words, 
form themſelves into a cluſter of ſtars of almoſt a globular 
figure, more or leſs regularly fo, according to the ſize and 
original diſtance of the ſurrounding ſtars. The perturbations 
of theſe mutual attrad ions muſt undoubtedly be very intricate, 
as we may eaſily comprehend by conſidering what Sir IsAAc 
NewrToN fays in the firſt book of his Principia, in the 38th 
and following problems; but in order to apply this great 
author's reaſoning of bodies moving in ellipſes to ſuch as are 
here, for a while, ſuppoſed to have no other motion than what 
their mutual gravity has imparted to them, we muſt ſuppoſe 
the conjugate axes of theſe ellipſes indefinitely diminiſhed, 
whereby the ellipſes will become ſtraight lines. 

Form II. The next caſe, which will alſo happen almoſt as 
frequently as the former, is where a few ſtars, though not 
ſuperior in ſize to the reſt, may chance to be rather nearer each 
other than the ſurrounding ones; for here alſo will be formed a 
prevailing attraction in the combined center of gravity of them 
all, which will occaſion the neighbouring ſtars to draw toge- 
ther; not indeed ſo as to form a regular or globular figure, but 
however in ſuch a manner as to- be condenſed towards the 
common center of gravity of the whole irregular cluſter. And 
this conſtruction admits of the utmoſt variety of ſhapes, ac- 
cording to the number and ſituation of the ſtars which firſt 
gave riſe to the condenſation of the reſt. 

Form III. From the compoſition and repeated conjunction 
of both the foregoing forms, a third may be derived, when tnany 
large ſtars, or combined ſmall ones, are ſituated in long ex- 
tended, regular, or crooked rows, hooks, or branches ; for they 


will alſo draw the ſurrounding ones, ſo as to ptoduce figures 
of 
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of condenſed ſtars coarſely ſimilar to the former which gave 
riſe to theſe condenſations. 

Form IV. We may likewiſe admit of ſtill more extenfive 
combinations ; when, at the ſame time that a cluſter of ſtars 
18 forming in one part of ſpace, there may be another collect- 
ing in a different, but perhaps not far diſtant quarter, which 
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may occaſion a mutual approach towards their common center 


of gravity. 1 1 a 

V. In the laſt place, as a natural conſequence of the 
former caſes, there will be formed great cavities or vacancies 
by the retreat of the ſtars towards the various centers which 
attract them; ſo that upon the whole there is evidently a field 
of the greateſt variety for the mutual and combined attractions 


of the heavenly bodies to exert themſelves in. I ſhall, there- 


fore, without extending myſelf farther upon this ſubject, pro- 
ceed to a few conſiderations, that will naturally occur to every 


one who may view this ſubject in the light I have here done. 


Objections confidered, 
At firſt fight then it will ſeem as if a ſyſtem, ſuch as it has 


been diſplayed in the foregoing paragraphs, would evidently 
tend to a general deſtruction, by the ſhock of one ſtar's 


falling upon another. It would here be a ſufficient anſwer to 


ſay, that if obſervation ſhould prove this really to be the 


ſyſtem of the univerſe, there is no doubt but that the great 


Author of it has amply provided for the preſervation of the 
whole, though it ſhould not appear to us in what manner this 


is effected. But I ſhall moreover point out ſeveral circum- 
: ſtances that do manifeſtly tend to a general preſervation ;-as, in 
the firſt place, the indefinite extent of the ſidereal heavens, 


6 | | Which 
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which muſt produce a balance that will effectually ſecure all 
the great parts of the whole from approaching to each other. 
There remains then only to ſee how the particular ſtars be- 
longing to ſeparate cluſters will be preferved from ruſhing on 
to their centers of attraction. And here I muſt obſerve, that 
though I have before, by way of rendering the caſe more ſim- 
ple, conſidered the ſtars as being originally at reſt, I intended 
not to exclude projeQtile forces; and the admiſſion of them 
will prove ſuch a barrier againſt the ſeeming deſtructive power 
of attraction as to ſecure from it all the ſtars belonging to a 
cluſter, if not for ever, at leaſt for millions of ages. Beſides, 
we ought perhaps to look upon ſuch cluſters, and the deſtruc- 
tion of now and then a ſtar, in ſome thouſands of ages, as 
perhaps the very means by which the whole 1s preſerved and 
renewed, - Theſe cluſters may be the Laboratories of the univerſe, 
if I may ſo expreſs myſelf, wherein the moſt ſalutary remedies 
for the decay of the whole are prepared. 


Optical appearances. 


From this theoretical view of the heavens, which has been 
taken, as we obſerved, from a point not leſs diſtant in time 
than in ſpace, we will now retreat to our own retired ſtation, 
in one of the planets attending a ſtar in its great combination 
with numberleſs others; and in order to inveſtigate what will 
be the appearances from this contracted ſituation, let us begin 
with the naked eye. The ſtars of the firſt magnitude being 
in all probability the neareſt, will furniſh us with a ſtep to 
begin our ſcale; ſetting off, therefore, with the diſtance of 
Sirius or Arcturus, for inſtance, as unity, we will at preſent 
ſuppoſe, that thoſe of the ſecond magnitude are at double, and 

VoL. LXXV. -$ thoſe 
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2.8 Mr. Hexscuer on the 
| thoſe of the third at treble the diſtance, and ſo forth. It is not 
neceflary critically to examine what quantity of light or mag. 
nitude of a ſtar intitles it to be eſtimated of ſuch or ſuch a pro. 
portional diſtance, as the common coarſe eſtimation will anſwer 
our preſent purpoſe as well; taking it then for granted, that a 
ſtar of the ſeventh magnitude is about ſeven times as far 2 
one of the firſt, it follows, that an obſerver, who is incloſed 
in a globular cluſter of ſtars, and not far from the center, will 
never be able, with the naked eye, to fee to the end of it: for, 
fince, according to the above eſtimations, he can only extend his 
view to about ſeven times the diſtance of Sirius, it cannot be 
expected that his eyes ſhould reach the borders of a cluſter 
which has perhaps not leſs than fifty ſtars in depth every where 
around him. The whole univerſe, therefore, to him will be 
compriſed in a ſet of conſtellations, richly ornamented with 
ſcattered ſtars of all fizes. Or if the united brightneſs of 
neighbouring cluſter of ſtars ſhould, in a remarkable clear 
night, reach his ſight, it will put on the appearance of a. ſmall, 
faint, whitiſh, nebulous cloud, not to be perceived without 
the greateſt attention. To pafs by other ſituations, let him 
be placed in a much extended ſtratum, or branching cluſter ot 
millions of ſtars, fuch as may fall under the IIIA form of ne- 
bulz conſidered in a foregoing paragraph. Here alſo the hea- 
vens will not only be richly ſcattered over with brilhant con- 
ſtellations, but a ſhining zone or milky way will be perceived 
to ſurround the whole ſphere of the heavens, owing to the 


combined light of thoſe ſtars which are too ſmall, that is, too 


remote to be ſeen. Our obſerver's fight will be ſo confined, 


that he will imagine this ſingle collection of ſtars, of which be 
does not even perceive the thouſandth part, to be the whole 
contents of the heavens, Allowing him now the uſe of 3 
4 common 


Py 
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common teleſcope, he begins to ſuſpect that all the milkineſs 
of the bright path which ſurrounds the ſphere-may be owing 
to ſtars. He perceives a few cluſters of them in various parts 
of the heavens, and finds alſo that there are a kind of nebu- 
lous patches; but ſtill his views are not extended fo far as to 
reach to the end of the ſtratum in which he is ſituated, fo that 
he looks upon theſe patches as belonging to that ſyſtem which 
to him ſeems to comprehend every celeſtial object. He now 
increaſes his power of viſion, and, applying himſelf to a cloſe 
obſervation, finds that the milky way is indeed no other than a 
collection of very ſmall ſtars. He perceives that thoſe objects 
which had been called nebulz are evidently nothing but cluſters 
of ſtars. He finds their number increaſe upon him, and when 
he reſolves one nebula into ſtars he diſcovers ten new ones 
which he cannot reſolve, He then forms the idea of immenſe 


1 ſtrata of fixed ſtars, of cluſtezs of ſtars and of nebulæ (a); till, 
going on with ſuch intereſting obſervations, he now perceives 


that all theſe appearances muſt naturally ariſe from the con- 


© fined ſituation in which we are placed. Confined it may juſtly 
be called, though in no leſs a ſpace than what before appeared 
to be the whole region of the fixed ſtars; but which now has 
aſſumed the ſhape of a crookedly branching nebula ; not, in- 
E deed, one of the leaſt, but perhaps very far from being the 
moſt conſiderable of thoſe numberleſs cluſters that enter into 
the conſtruQtion of the heavens. 


Reſult of Obſervations, 


1 ſhall now endeavour to ſhew, that the theoretical view of 


| the ſyſtem of the univerſe, which has been expoſed in the 


(a) See a former paper on the Conſtruction of the Heavens. 


F f 2 fore- 


2.20 | Mr. HersCREL on the ; 
foregoing part of this paper, is perfectly conſiſtent with facts, ſo: 


| and ſeems to be confirmed and eſtabliſhed by a ſeries of obſer- WF mo 
1 | vations. It will appear, that many hundreds of nebulz of the of 
4 firſt and ſecond forms are actually to be ſeen in the heavens, ger 
9 and their places will hereafter be pointed out. Many of the reg 
70 | third form will be deſcribed, and inſtances of the fourth re- to 
17 | lated. A few of the cavities mentioned in the fifth will be cor 
Wl particulariſed, though many more have already been obſerved; 
1 | ſo that, upon the whole, I believe, it will be found, that the 
j j | foregoing theoretical view, with all its conſequential appear- 


ances, as ſeen by an eye incloſed in one of the nebulæ, is no 
other than a drawing from nature, wherein the features of the 
original have been cloſely copied; and I hope the reſemblance 
will not be called a bad one, when it ſhall be conſidered how 
very limited muſt be the pencil of an Tnhabitant of ſo ſmall 
and retired a portion of an indefinite ſyſtem in attempting the 
picture of ſo unbounded an extent. 

But to proceed to particulars : I ſhall begin by giving the 
following table of gages that have been taken. In the firſt 
column 1s the right aſcenſion, and in the ſecond the north 
polar diſtance, both reduced to the time of FLamsTEED's 
Catalogue. In the third are the contents of the heavens, being 
the reſult of the gages. The fourth ſhews from how many 
fields of view the gages were deduced, which have been ten or 
more where the number of the ſtars was not very conſiderable; 
but, as it would have taken too much time, in high numbers, 
to count ſo many fields, the gages are generally ſingle. Where 
the ſtars happened to be uncommonly crouded, no more than 
half a field was counted, and even ſometimes only a quadrant; 
but then it was always done with the precaution of fixing on 


ſome row of ſtars that would point out the diviſion of the field, = 
ſo iſ 
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ſo as to prevent any conſiderable miſtake. When five, ten, or 
more fields are gaged, the polar diſtance in the ſecond column 
of the table 1s that of the middle of the ſweep, which was 
generally from 2 to 24 degrees in breadth; and, in gaging, a 
regular diſtribution of the fields, from the bottom of the {weep 
to the top, was always ſtrictly attended to. The fifth column 
contains occaſional remarks relating to the gages. 


I. Table of Star-Gages. 
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WY A Stars. | Fields, | Memorandums. 
8 PD. M. = - 
41| 78 47 | 99 [10 
55 | 65 36 | 20,0 | 10 
54 | 74 13 | 11,3 10 Moſt of the ſtars extremely ſmall, 
24 | 49 7 | 60 * 
| 239 27 |- 4,1 | 10 * The gages marked with an aſteriſk 
I13 17 3,2 10 — £ _ are thoſe by which fig. 4. tab.“ 
67 44 | 11,9 10 VIII. has been delineated. | 
[ITY 8J-13 9 10 f 
87 10 5,9 10 
46 54 | 60 | 1 
46 54|49 | 2 | 
686 32 þ 20,4 10 
= = > 
124 } 7? | 
0 IL 73 21,2-j- 10 | { 
58 43 | $8, "ER = FH 
48 43 | 60 2 14 
87 10 | 7,6 | 10 't 
A TR = | 
05 3413 10 i 
—— : — ä — —— — — — 1 
58 4740 1 13 
58 13117 BY 7 
07 41 |. 9,8 10 | A little hazy, " 
45 37 | 73 a | ti 
75 10 | 13 I 4 3 #5] 
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— RA | F.D. Stars, | Fields. 3 NMemorandums. Ws | 1 
r e : 
2 11 39 | 65 45 | 14,8 | 10 
2 16 27 | 110 54 | 4,2 10 |x% 
2 19 27 | 76 24 | 9,9 10 | 
$ 22 27-1 a6 $8 188 {1 8 
2 23 6| 60 16 | 14 I 
2 23 19 | 11 8 4,2 | 10 „ 
2246 01. 6 01 18 2 
2 27 40115 21 3,0 10 [+ The ſituation too low for great accu-| 
2 30 0 94 56 | 6 10 racy. 
2 31 23] 96 22 | 13,6 10 
2 35 14 "by - 21 $0 j 260 EA 
2 38 0 94 56 6,6 | 10 
2 42 7 | 61 50 14,8 | 10 2 
247 32] 74 3| 111 10 | Moſt of the ſtars exceedingly ſmall. 
2 49 22 92 55 90 IO 
2 49 30 110 565 md W $ . 
2 50 O 94 56 
2 54 53 76 22 
2 59 56 | 81 10 
2 i * 
3 3 © 81 10 | 
3 453] 78 37 
3 10 20 | 100 2 
3 213 © ] £9: 29 | 7,0 5 | Ina part of the heavens which looks 
313 6] 59 29 | 6,1 10 pretty full of ſtars to the naked 
1 
315 6 ö 59 29 9,4 IO eye. 
3 22 57 83 1 | 10, 3 | IO 
3 23 21 | 92 49 | 10,1 IO 
329 41 | 46 35 55 I 8 
. 1 | About 15 ſtars generally in the field, 
3 35 12 | 100 2,4 | 10 | 8 85 
30 x1 1998 I 41.9 10 |* 
3 42 49 46 1054 3. 3 
348 16 99 59 | 8,r | 10 
WLAWLY _2 | 11,0 12 
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And many more, extremely ſmall, 
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From 20 to 30 ſtars in the fields, not 
very exactly gaged. 
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Like the reſt, or many ſuch fields. 
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+ _ © | P.D. | Stars, | Fields. | Memorandums. 
H. M. 8. D. M.“ g 
$1 10 61} 236-23 6,5 10 | Twilight, 
i210 22] $1 WV] Ys j Vis 
11 20 37 | 9117 | 49 | 10 
11 53 43 81 30 bo | 5 [* 
7 79 57 2,2 I3 |* 
220] 0 T7144 11 * 
E 40 51 | 81 40 4,6 13 (* | 
12 48 19 | 79 4 39 | 13 K 
| 12 53 45 | 101 45 | 9,3 10 | Twilight, 
12 57 8 | 99 56 8,1 10 Pretty ſtrong day - light. 
13 119] 79 4 38 | 12 |* 
13 17 27 | 101 45 | 8,6 10 | Twilight. 
13 22 49 100 184 10 | Some daylight. 
13 27 $7 | 201 46 | 21,3 10 | 
13 31 10 | 75 55 | 5—6 | 1 |x Generally about 5 or 6 ſtars in the field 
13 38 53 | 104 27 |. 8,5 | 10 
13 48 49 | 100 1 | 9,2 | 10 | Strong twilight, 
13 51 27 | 101 45 | 10,0 | 10 | 
13 55 44 | 58 11 | 7,4 } 10 [* Twilight. 
13 57 53 | 104 27 | 12,3 10 | Moft very ſmall, 
14 9 49 | 100 I | 11,2 | 10 | Twilight, 
24 13-$2- 1 118: 4 | 0,7 1 
14 14 57 | 101 45 | 8,8 10 | 
14 24 49 81 53 | 2,7 bk: 
14 29 45 | 100 5 | 13,3 | 10 
14 30 7 | 66 3| 8,8 | 10 [& All fizes. 
14 30 8 80 38 | 3,5 13 
14 33 22 58 75} 3,9 10 [& Chiefly ſmall, 
14 33 52 | 113 4 | 10,3 IO 
14 39 57 101 45 | 14,0 | 10 [All fizes, 
14 40 36 | 64 47 | 6,4 IO 
14 44 11 | 114 54 | 10,3 10 
| 24 49 52 | 113 412,810 
14 GL 14 58 10 9,2 10 * Twilight. | 
! 14 52 58 00 41 4,4 þ 10 [x Strong Aurora borealis, 1 
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P. D. | Stars. | Fields, Memorandums. - 1 


FF". - 

| 3, M. $.j D. M. 

14 53 7| 00 15 9.0 10 | Chiefly large. 

| 14 55 36 64 47 | 6,6 10 | Moſt very ſmall. 
14 59 11 | 114 54 | 8,8 IO 

Fe 24 GH v3 66] 

15 3 7 66 15] 9,5 | 10 | 


15 4 36| 64 4) 50 | 10 
lis 8 37 | 113 ©| 14,1 IO 
| 15 8 45 93 5 1 12 Very ſmall. 


115 13 42 10 
15 15 44 | 58 17 | 10,0 10 [& Twilight. 
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O 

dd 
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15 19 48 | 60 40 | 4,9 10 [X Strong Aurora borealis, ſo as to affe 
520 of 95 52] 06S | 4 the gages. 
x6 23 © 1-08 © 1:39646 | 12 
15 26 81 53 | 11,0 5 
15 28 18 


15 29 7 | 66 15 | 10,6 10 | All ſizes. 
15 29 44 | 58 17 | 8,9 10 [„ Twilight, 
16 22 ©1 76 $2:-1-:6 6 : 

15 33 52 [111 32 | 12,8 10 | 
[1535 0] 7551] 65 0 | 


—_ Al. | — 


— —„.: __— — 
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+ Twilight, 


FF 42 2 | 5d 14 | 13,1 10 
15 42 3 | 116 56 | 18,6 | - 
15 42 53 | 113 47 | 32,5 3 The ſtars too ſmall for the gags. 
15 46 30 93 510, 8 12 
15 48 37 333 © 139,31 1 10 1 


4 * _ 
2 


15 48 46 63 412,4 10 
15 49 52 111 32 | 18,1 | 10 | The fituation ſo low that it requires 
15 50 20114 55 | 9,2 | 10 Attention to ſee the ſtars, 
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16 3116 56 6,1 | 10 | 
6 012 1116 $39 13,0 | 20-1 


106. 4 of 7543] 13 | 6 | All fizes. 
16 4 19 | 113 6 5 | 10 | Perfectly clear. See p. 250. 
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R. A. P. D. Stars. | Fields. | Memorandums. 
4.35; > D. M. 
16 4 46 63 412,010 | Moſt ſmall, 
16 4 52 | 99 57 | 14,6 10 | Moon and twilight, 
116 © 2S-| 113-4 1. 43 10 | Perfectly clear, 

16 / 12 | 00 18 | 1333 10 
16 8 6115 1] 3.8 6 | 
46 6 12j 093 07 12,4 | 1s 

16 8 16 | 116 48% | 11,6 10 
| 16 9 28 | 113 4 | 1,1 | 10 Perfectly clear. See p. 250. 

10 11 26 | 213 <4 j 154 10 | The ſame. 
| 16 13 28 | 113 4 | 1,8 10 [g Serpentarii and 19 Scorpii viſible to 
16 13 52 58 24 | 14,2 | 10 [& Moſt ſmall. { the naked eye. 
| aG 14 42 | O08 79 | Lo! 10 | Moſt very ſmall, 
{ 16 15 37 80 40 | 9,7 12 | All ſizes. 

116 17 20 | 113 41 497 IO 
16 20 $I I 57 | 13,8 6 

10 23 33 43 24 1 
| 16 23 28 | 113 4 | 13,6 10 
| 16 24 11 93 913,6 | 12 | Require attention to be ſeen, 
1 16 25 7 | 80 40 | 14,6 13 

16 27 32 68 23 21,0 10 Twilight. 

16 29 16 | 116 48 | 50,4 10 

16 30 37 80 40 | 34 I 

16 31 12 | 66 15 | 18,4 | 10 | Strong twilight. 

1 16 32 28 | 113 4 | 20,3 | 10 | Moſtextremely ſmall, 

16 32 52 58 24 | 15,0 | 10 [& Moſt ſmall. 
| 16 35 42 | 63 7 10,5 10 * 
| 16 35 48 | 93 15 | 18,6 | 12 | All ſizes. 

116 38 12 | 606 15 | 20,1 10 | Strong twilight, 
| 16 38 45 | 107 57 | 19,9 10 | Strong twilight, 
i 16-40 £11 2143 14 | 463 1 © 

16 45 32 | 68 23 | 19,0 4 | Hazy. | 

16 51 45 | 107 57 | 29,8 10 
| 16 52 22 66 26 | 16,6 10 | Day-light pretty ſtrong, 

1 16 55 42 | 63 7 | 26,0 10 [& Strong twilight, 
1-17 3 236} $9211 -18,6 10 [X Strong day light. 
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K. A. p. DO. Stars. Fields. Memorandums. = 


* 
—_— 


H. M. 8.] D. M. I | 
17 3 22 66 26 | 35 t |* Day-light too ſtrong for gaging. 
17 © 36 98 38 | 13,7 | 10 {| Moſt ſmall, aud more ſuſpected. 

7 V1 116 55 | 7,0 9-1 
17 9 32 | 68 23 | 32.3 | 10 
17 11 10 | 66 26 | 38 | 1 [+ Day-light pretty ſtrong. 


— 


— 


— — 


— — — — 


17 13 24 | 63 21 | 32,8 10 „ Strong day-light. 
17 17 36 | 111 47 | 15,3 10 | Moon and day-light, 
17 25 7 | 108 5 | 23 10 
17 27 29 | 116 48 | 25 


oO 
0 
© 
2 
+> 
© 
* 
4) 


17 28 32 * Twilight. 
| 17 30 29 [ 116 49 | 42 1 | 
17 33 29 | 116 48 | 52 | 1 | Day-light very ſtrong. ö 
17 34 36 98 3818, 5 10 | Very ſtrong twilight. 

17 39 34 | 120 ©| 84 I Moſt large. 

17 49 41 | 114 52 77 1 | Day-light very ſtrong, 


17 41 29116 48 82 1 Day: light very ſtrong, 
17 43 45 | 105 3 | 80 1 | Flying clouds. 
17 48 © | 61 18, | 25,6 5 | Moſt large. 
17 50 4{ 56 16 | 27,2 | 10 | Twilight. 
1) 50 7 | 108 5 59 { 1x | Like the reſt in this part of the heaven. 
$9.63 3 108 5 118 | 1 | Many ſuch fields juſt by. 
17 52 17 | 98 43 | 7,6 | 10 | 
17 52 30 | 62 12 40 | 1 | Moſt large, 
17 52 32 | 68 19 | 54 1 [| Strong day- light. 
t7 5s 7 |108 5 32 4 
17 55 15 106 6 [112 1 | Many ſuch fields. : 
17 cc-20 |} 212 £c6-1083 Þ7.-$ 
= 57 - 60 28 38 1 Moſt large. 
17 58 37 | 103 24 33 
37 £6 43:1 219 c3.1 04 {| 2 
17 58 49 | 122 17 | 17 1 | 
17 59 x | 268. $8 1320 14 
17 59 19 | 104 24 | 68 I 
18 © 13 | 122 11 | 27 I 
18 3 49 | 120 42 | 19 ot 
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i KA. 'P.D. IE — Ib! Memorandums. | ] 
H. M. 8. D. M. h 'F1 
18 28 7 | 102 51 13 1 | Extremely ſmall, | 
18 28 8] 91 44 39 {| 1 | Moſt ſmall. * 
| 18 28 25 | 103 9 20 1 Extremely ſmall. | | 7-4 
Iii ac | 111: 0 2 
| 18 29 25 | 103 24 | 20 | 1 Extremely ſmall. 13 
— _ | * — — — — ——— = — — 
8 29 47| 97 %%% „ MI 
| 18 29 49 | 121 39 [24 | „ |} 
18 30 34 | 57 18 [62 | 14 J 
| 13 31 10 92 42 [137 7 | | 
| 18 31 10 | 108 53 174 I || Twilight. © 1 
—— — — — — — 
18 31 r3 | 10 19 112 1 3 
18 31 17 97 53 188 2 Many! more ſuſpected. „ 
18 31 34 62 3476 | Nr and 3 1 
18 31 49 | 121 39 | 19,3 | 10 . — |: = 
18 33 4 108 43 88 | I 18. Twiligh . 
| 18 33 7 | 103 53 [146 "WE 
18 34 5 | 98 34 [130 * 
18 34 47 | 7253] 78 1 * 
18 34 58 | 60 4180 1 11 — 
| 18 36 34 10 12 [33 | 3 [1 Twilight. 
| 18 36 34 | 91 37 [176 | 
18 36 47 | 72 28 [224 
18 37 34 | 93 29| $5 
18 38 1 | 104 14 95 
18 39 40 93 $2 11 
| 13 40 28 ” 3 = a" 
118 40 47 | 71 48 236 2 _ 
is 42 2n-j 92-87-1099. | 3 | - IND. A 
18 42 49 | 121 39 | 15,2 | 10 | Very clear for this altitude, 
[0819 1 7 8 368 2 
18 43 33 | 119 21 | 21 I 
18 44 34 | 112 43 | 53 I 
18 44 34 | 60 34 | 84 | 1 [All fizes. 
| 18 47 32 91 14 328 3 
18 48 4110 1283 
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R.A. P. Stars. | Fields, [ Memorandums. OE TY 
H. M. s. D. N. "I Ee nn. 1 
19 19 52 | 57 1486 | 3 Af 
1 19 19 $6 | no08 12 | as f 2 | } | 
| 19 20 51 00 55 384 3 | | vl 
[19 21 1] 78 47 [472 1 * | 1 
| 19 21 34 | $5 17 |20 2 |» bright. | 11 
| 19 22 27 62 29 320 1 . ” 
19 24 36 56 49 [224 [4 | | 
19 24 49 104 34 | 30 | 1 Changeable focus, 
19 24 59 | 60 43 [296 | „ 
| 19 24 53 | 113 51 | 18,3 | 10 
[1925 4| $57 9|igo J [» bricht. 
| 19 25 16 64 18 [280 4 
19 25 22 | 59 36 340 1 | 
| 19 25 37 | 103 5055 1 | Changeable focus. | 
19 27 30 | 72 34 [424 Z * Too ſmall and too crewded to be cer-| 
19 27 44 61 8 1240 + | ſtain of the number. 
| 19 28 1 103 30 | 45 1 | Changeable focus, 
119 28 6 | 56 49 [288 R 
19 28 52 | 59 26 [344 | 3 
| 19 28 52 | 56 47 (1866 } 2 ;] very bright. 
| 19 29 46 1 65 10 | 34 WY | Ee: | | _ 
| 19 30 36 | 74 33 [588 ; 
| 19 30 36 | $54 53 [312 4 
| 19 31 3322 34| 02,2 | $ 
59.35 $1 *09 $6 23,8 | 10 
| 19 32 15 | 62 35 296 EY 
19 33 4 | 55 34 |212 E |» 
| 19 33 7 {| 103 12 | 50 I {| Changeable focus. 
19 33 14 | 61 8 [240 F 
% W] 35 59 [32 | + | 
. —— . 
| 19 34 51 [115 44 | 14,1 | IO | 
1 29 35 34 | 03 19 jab | 2 | 
19 36 6 | 54 57 3 — | 4 3 | 
19 36 37 | 102 31 | 68 | 1 | Changeable focus. 
2 e 6ozs hb | 1 | 
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YH R.A. 1 Start. Fields.“ 88 Memotandan. ney 
J ⁵ crea 
10 40 33 63 © {296 + | 
19 49 40 | 59 12 9% | 43 
19 40 48 74 33 588 3.1% 
| 19 42 33 73 14 [352 {| 2 K 
19 43 39 | 57 2330 | 2 |Þ 
— — — wcwc... ea x c · ͤ — 
19 43 56 04 27 124 3 Mott large. 
5 45 30 77 58 1140 2 [* Faint ). 
471093 319 17] 
V 14 19% | 4 is . 
19 46 51 | 115 44 | 12,8 | 10 | Strong twilight, 
— — — — —— 
10 4% 8 60 3532 4 
| 19 47 18 | 109 46 20, 9 IO | 
| 19 47 22 | 57 38 312 4 | Very unequally ſcattered, 
19 49 6 | 57 13 208 We 
19 49 48 56 51 120 2 15 
| 19 50 5 92 39 | 39,2 | $5 + Moſt ſmall. 2 : 
e W 
ne 15 
PN 
19 53 28 63 40 | 52 I 
19 53 49 | 54 59 306 I 
19 53 49 | 221 39 | 7,7 | 10 | 
19 54 © | 55 12160 | +3 |» | 
| 19 54 12 | 78 3 [120 2 [+ Faint). 
19 54 22 59 5836 A4 | 
ws 17 ene | 1 | b 
19 56 19 | 60 44 122 
6 & 22 | £7. 19 loa 1 4 
19 57 19 | 02 34 | 45 I 
19 57 49 | 58 29 [104 | 2 . 
5 
i * Strong D. 
„ 
I | Moſt of the ſtars extremely ſmall. 
10 { Twilight. 
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20 40 22 
20 41 11 
20 41 56 
| 20 42 59 
20 43 
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Some twilight. 
Twilight. 


Twilight. 
Changeable focus. 
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Not clear. 


A little hazy. 


Moſt ſmall. 


U 


ö 


R. A. 


| ; / 
258 Mr. Hzn schl. on the 


| — — m—c — a — — —  — — —— 
1 R.A. P.D. | Stars, | ields. | " Memorandums. 
H. M. s.] D. M. g : * 
20 43 30 54 47 260 1 |\ Moſt of the ſtars of the fame ſize, | 
1 20 44 59 70 6 | 80 I | | 
| 20 47 13 | 60 46 |120 1 
20 49 1 92 44 | 27,0 5 * 
| 20 49 10 57 11 1248, 1 | Moſt of a ſize. | 
— — — — * — — — — ·( 4—4A— —¼¼Lʃu . ruf [2Aä— 
20 50 59 | 103 26 | 17,2 3 | 
20 ci 23 | G8 0] 50 j| 2 
20 33 29 103 26 19,4 5 
| 20 54 1 | 107 47 | 10,3 | 10 
20 56 59 | 103 206 | 14,9 10 | Moſt extremely ſmall, 
| | — — — — — — — — rr 
| 20 57 55 | 61 25 | 64 3 | Twilight, | 
20 59 1 92 44 | 21,4 | $5 |* 
g 21 1 6 96 43 40 1 * Moſt ſmall. | 
21 3 29 | 66 39 | 80 1 | 
„„ + 27 RN 5 
| 21 : 6 13 69 23 40 1 | A little hazy. 
| 21 6 55103 32 | 11,1 10 | 
| 21 7 49 | 109 45 | 12,8 10 
| 21 7 59 04 58 [110 | F 3 
- | 22 925 61 30 | 75 1 | Strong twilight, 
1 — _— | — | ice — — — — 
21 10 13 60 39 | 70 1 | Strong twilight. 
21 21 17 | 923 26 | Dd... i: 
1921 1142] 22-28 j 3:8 
| 21 12 1 | 92 44 | 10,4 $1 
| 21 15 3 | POP 1593 2 
121 16 43 | 39 776 | 4 
21 18 54 | 57 20 50 — 
21 20 18 96 43 24 1 |X 
21 21 0107 49 | 8,1 10 
| 21 22 14 | 76 33| 30,0 | 5 | 
un ul s © 
| 21 29 12 83 11 | 21,6 1 
| 21 30 58] 78 57 | 18,9 10 | 
21 32 10 57 14 25 1 ö 
| 21 33 1 92 44 | 154 | 5 |Strongtwilight | 
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21 $4 22 | * 
21 57 49 | 
21 58 4 
21 58 19 
121 58 43 » 
———- al > ——_ — — —  ——— 
21 58 49 
122 2 | 
22 2 52 | 
22 3 56 
[IS JF "SS: 
r NG, Ce 
22 10 28 | 2&2 1-26 I 
| 22 11 32 | 97 14 | 10,7 | 10 [+ Twilight, 
22 11 35 | 65 48 | 26,6 5 
| 22 18 32 | 97 14 ar i x6-is Twilight, 
| 22 20 35 | 109 58 | 8,3 | 10 | 
—__ ___c___ — — — | — — —— — anon nn moni þ 
22 20 55 78 54 | 11,7 10 Bright). 
i223 ani oc al $1 3 10 
| 22 30 35 | 109 58 | 5.0 | 10 
22 31 28 | 73 59 1773 0 4 
22 33 6 76 52 | 16,5 IO 
22 34 40 61 56 | 20,1 IO 
22 35 35 | 109 58 | 7,1 | 10 [K* 
22 30 49 | 71 57 18,5 10 | 
22 39 41 | 82 5 | 19 T 
f [2240 cj 6c 81 2h3 j- 10 | 
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| P. D. | Stars. Fields. | Memorandums. | | 
D. M. | 
60 9 | 26,7 | 10 Faint oF 
80 47 | 13,2 10 
58 38 | 17,2 10 
71 57 | 134 | 10. 
78 43 | 8,2 | 10 |) 
Ln — 3 | * 8 — 
95 4| 8,9 | 10 | : 
71 54 | 71,0 10 4 
67 53 | 12,110 
| 78 42 | 9,2 | 10 |». 
| 113 12 | 444 | 10 Þ 
Leo FAY 
58 38 | 18,7 10 |» 
65 50 | 21,3 | 10 3 
109 58 7.3 io |» 1 
95 1 7,5 | 10 | Moſt extremely ſmall. 
| 04 55 26 | I | 
61 48 | 21,1 10 
71 54 | 11,9 | 10 
| 23 17 50 81 o | 9,7 10 
| 23 23 58 | 69 48 | 12,1 10 | 
4 23 25 32 | 113 12 | 3.1 10 [* 
23 32 269 51 9,5 | 10 | 
"23 33 0] WS *7.:J _:t 
i 23 43 2 9 $1] 20,9 10 
123 44 47 | 45 24 50 {| 1 
| 23 46 $2] 213 37 | 4-2 | © |# 
23 40 55 | 65 36 | 15,3 10 
123 59 21 | g wo | 50 | 10 
F : 
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PFRAOELY We 


The fears being ſuppoſed to be nearly equally ſcattered, and their 
number, in a field of view of a known angular diameter, being 
given, to determine the length of the viſual ray. 
Here, the arrangement of the ſtars not being fixed upon, we 
muſt endeavour to find which way they may be placed ſo as to 
fill a given ſpace moſt equally. Suppoſe a rectangular cone 
cut into fruſtula by many equidiſtant planes perpendicular to 
the axis; then, if one ſtar be placed at the vertex, and another 
in the axis at the firſt interſection, fix ſtars may be ſet around it 
ſo as to be equally diſtant from one another and from the cen- 
tral ſtar. Theſe poſitions being carried on in the fame manner, 
we ſhall have every ſtar within the cone ſurrounded by eight 
others, at an equal diſtance from that ſtar taken as a center. 
Fig. 1. (tab. VIII. ) contains four ſections of ſuch a cone diſtin- 
guiſhed by alternate ſhades, which will be ſufficient to e 
what ſort of arrangement I would point out. 

The ſeries of the number of ſtars contained in the ſe- 
veral ſections will be 1. 7. 19. 37 - 61.91 . &c. which 
continued to n terms, the ſum of it, by the differential method, 


vill be 1 a+n, = d'+n . 4, Kc. : where @ is 
the firſt term d', d,, d'”, &c. the 1ſt, 2d, and 3d differences. 


Then, ſince a=1, d'=6, d 6, d So, the ſum of the 
ſeries will be *. Let S be the given number of ſtars; 1, the 
diameter of the baſe of the field of view; and B, the 


diameter of the baſe of the great rectangular cone; and, by 


Radius. 
tri tha | — d * 
gonometry, we ſhall have B=;— —T fol 
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242 Mr. HERSCHEL on ibe 

field of view of a teleſcope is a cone, we ſhall have its fo. 
lidity to that of the great cone of ſtars, formed by the above 

conſtruction as the ſquare of the diameter of the baſe of the 
field of view, to the ſquare of the diameter of the baſe of the 
great cone, the height of both being the ſame ; and the ſtars in 
each cone being 1n the ratio of the ſolidity, as being equally ſcat- 


tered (5), we haven= ES. And the length of the viſual 
ray n= 1, Which was to be determined. ; 


() We ought to remark, that the periphery and baſe of the cone of the field 
of view, in gaging, would. in all probability ſeldom fall exactly on. ſuch ſtars as 
would produce a perfect equality of fituation between the ſtats contained. in the 
ſmall and the great cone; and that, conſequently, the ſolution of this problem, 
where we ſuppole the ſtars of one cone to be to thoſe of the other in the ratio 
of the folidity on account of their being equally ſcattered, will not be ſtrictly 
true. But it ſhould be remembered, that in ſmall numbets, where the. different 
terminations of the fields would moſt affect this ſolution, the ſtars in view have 
always been aſcertained from gages that were often repeated, and each of which 
conſiſted of no leſs than ten fields ſucceſſively taken, ſo that the different deviations 
at the periphery and baſe of the cone would certainly compenſate. each other, 
ſufficiently for the purpoſe of this calculation. And that, on the other hand, in 
high gages, which could not have the advantage of being fo ofcen repeated, theſe 
deviations would bear a much ſmaller proportion-to the great number of ſtars in 
a field of view; and therefore, on this account, ſuch gages may very juſtly be 
admitted in a ſolution where practical truth rather than mathematical preciſion 
is the end we have in view. It is moreover not ta be ſuppoſed that we imagine 
the ſtars to be actually arranged in this regular manner, and, returning therefore 
to our general hypothelis of their being equally ſcattered, any one field of view 
promiſcuouſly taken may, in this general ſenſe, be ſuppoſed to contain a due 
proportion of them; ſo that the principle on which this ſolution is founded may 


therefore be ſaid to be even more rigorouſly true than we haye. occaſion to infill 
upon in an argument of this kind. 


The 
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The ſame otherwiſe. 


If a different arrangement of the ſtars ſhould be ſelected, 
ſuch as that in fig. 2, where one ſtar is at the vertex of a cone 
three in the circumference of the firſt ſection, at an equal dif- 
tance from the vertex and from each other; fix in the circum- 
ference of the next ſection, with one in the axis or center; 
and fo on, always placing three ſtars in a lower ſection in ſuch a 
manner as to form an equilateral pyramid with one above them: 
then we ſhall have every ſtar, which is ſufficiently within 
the cone, ſurrounded by twelve others at an equal diſtance from 
the central ſtar and from each other. And by the differential 
method, the ſum of the two ſeries equally continued, into 
which this cone may be reſolved, will be 22 +157 +4n; 

Where x ſtands for the number of terms in each ſeries. To 
find the angle which a line vx, paſſing from the vertex v over 
the ſtars v, 1, b, l, &c. to x, at the outſide of the cone, makes 
with the axis; we have, by conſtruction, vs in fig. 3. 
repreſevting. the planes of the firſt and ſecond ſeQtions = 


2 x col. 30 , to the radius þs, of the firſt ſection = 1. Hence 


it will be Ve = ip = Hun; or umz V = i: and, by 


— 94 8 A T ; - | l 4 
— ><. Df 22 — — ore am  *«- 


2 * FX 
= 
- 1 — — 
PX a 


trigonometry, . Where T is the tangent of the 
of 


required angle to the radius R (c); and putting f S tangent of 


(e) In finding this angle we have ſuppoſed the cone to be generated by a 
revolving rectangular triangle of which the line vx, fig. 2. is the hypotenuſe; 
but the ſtars in the ſecond ſeries will occaſion the cone to be contained under a 
waving ſurface, wherefore the above ſuppoſition of the generation of the cone 1s 
not ſtrictly true; buk then theſe waves are ſo inconſiderable, that, for the pres 


lent Purpoſe, they may ſafely be neglected in this calculation. 
f I 3 2 half 
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half the given field of view, it will be —= B, the baſe of the 


* 3 1 5 . 
cone. And — d, will be an expreſſion for vp, in terms 


of vs, which is the mutual diſtance of the ſcattered ſtars, 


2 


Then having —_ = u In +4} n, we may find n; whence 


2dn - d, the viſual ray, will be obtained. 

The reſult of this arrangement gives a ſhorter ray than that 
of the former; but ſince the difference is not ſo conſiderable as 
very materially to affe& the concluſions, I ſhall, on account of 
the greater convenience, make uſe of the firft. 


We inbabit ihe planet of a tar belonging to a Compound Nebula 
of the third form. 


I ſhall now proceed to ſhew that the ſtupendous fidereal ſyſtem 
we inhabit, this extenſive ſtratum and its ſecondary branch, 
conſiſting of many millions of ſtars, is, in all probability, 4 
detached Nebula. In order to go upon grounds that ſeem to me 
to be capable of great certainty, they being no leſs than an 


actual ſurvey of the boundaries of our ſidereal ſyſtem, which 


J have plainly perceived, as far as I have yet gone round it, 
every where terminated, and in moſt places very narrowly too, 
!t will be proper to thew the length of my ſounding line, if I 
may ſo call it, that it may appear whether it was ſufficiently 
long for the purpoſe. 

In the moſt crowded part of the milky way I have had fields 
of view that contained no leſs than 588 ſtars (4), and theſe were 
continued for many minutes, ſo that in one quarter of an hour's 


time there paſted no leſs than 116000 ſtars through the field of 


(4) See the table of Gages, p- 235» . 
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view of my teleſcope (e). Now, if we compute the length of 
the viſual ray by putting S= 588, and the diameter of the 


field of view fifteen minutes, we ſhall find «= /B*S=498; fo 
that it appears the length of what I have called my founding line, 
or 1— 1, was probably not leſs than 497 times the diſtance of 
Sirius from the ſun. The ſame gage calculated by the fecond 


arrangement of ſtars gives V 1 1.414213 — 9 


| 2. &—1 
* PO 
tangent of 31* 28” 557,977; — =B= 280,69; —.— = oi = 


8 1649 223163409. 7 1 zn T In; where 1 284, 8 
nearly; and 24 12 464, the viſual ray. 

It may ſeem inaccurate that we ſhould found an argument on 
the ſtars being equally ſcattered, when in all probability there 
may not be two of them in the heavens, whoſe mutual diſtance 
ſhall be equal to that of any other two given ſtars ; but it ſhould 
be conſidered, that when we take all the ſtars collectively there 
will be a mean diſtance which may be aſſumed as the general 
one; and an argument founded on ſuch a ſuppoſition will have 
in its favour the greateſt probability of not being far ſhort of 
truth. What will render the ſuppoſition of an equal diſtribu- 
tion of the ſtars, with regard to the gages, ſtill leſs expoſed to 
objections is, that whenever the ſtars happened either to be 


uncommonly crowded or deficient in number, ſo as very ſud- 


(e) The breadth of my ſweep was 25 20”, to which muſt be added 15 for two 
ſemi-diameters of the field. Then, putting 161 ga, the number of fields in 
15 minutes of time; ,7854=6, the proportion of a circle to 1, its circumicribed 
ſquare; q=fine of 74 22“, the polar diſtance of the middle of the ſweep reduced 
to the preſent time ; and 588 8, the number of ſtars in a field of view, we have 


«PS 
= =116076 ſtars, b 


denly 


4 * 
„ SS ” « 


. 
3» XS 


” * —_ 
C3 
» * 
3235 


a i 


S 


ar old” ed > < 2 * — 


3 


— + 0 
— 
—— 


- — - 
"2 ——- — - 


Ll 
* 
» «" 
4 
1 4 
1 
4 
19 
1 
14 
1 
* 
mm” 
70 
4 
* 
=. 
1 
4 
4 
0 
11 
* » 


1 


246 Mr. HzRScHEL on the 


denly to paſs over from one extreme to the other, the gapes 
were reduced to other forms, ſuch as the border-gage, the 
diſtance-gage, &c. which terms, and the uſe of ſuch gages, 
I thall hereafter find an opportunity of explaining. And none 
of thoſe kinds of gages have been admitted 1n this table, which 
eonſiſts only of ſuch as have been taken in places where the 
{tars apparently ſeemed to be, in general, pretty evenly ſcat- 
tered; aud to increaſe and decreaſe in number by a certain gra- 
dual progreſſion. Nor has any part of the heavens containing 
a cluſter of ſtars been put in the gages; and here I muſt ob- 
ſerve, that the difference between a crowded place and a cluſter 
may eafily be perceived by the arrangement as well as the ſize 
and mutual diſtance of the ſtars: for in a cluſter they are 
generally not only reſembling each other pretty nearly in ſize, 
but a certain uniformity of diſtance alſo takes place; they are 
more and more accumulated towards the center, and put on all 
the appearances which we ſhould naturally expect from a num- 
ber of them collected into a group at a certain diſtance from 
us. On the other hand, the rich parts of the milky way, as 
well as thoſe in the diſtant broad part of the ſtratum, conſiſt 
of a mixture of ſtars of all poſſible ſizes, that are teemingly 
placed without any particular apparent order. Perhaps we might 
recollect, that a greater condenſation towards the center of our 
ſyſtem than towards the borders of it ſhould be taken into con- 
ſideration; but, with a nebula of the third form, containing 
ſuch various and extenſive combinations, as J have found to 
take place in ours, this circumſtance, which iu one of the firſt 
form would be of conſiderable moment, muy, I think, be 


ſafely neglected. However, I would not be underſtood to lay 


a greater ſtreſs on theſe and the following calculations than the 
principles on which they are founded will permit; and if here- 
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after we ſhall find reaſon, from experience and obſervation, . to 
believe that there are parts of our ſyſtem where the ſtars are 
not ſcattered in the manner here ſuppoſed, we ought then to 
make proper exceptions. 

But to return: if ſome other high gage be ſelected from the 
table, ſuch as 4/2 or 344, the length of the viſual ray will be 
found 461 and 415. And although, in conſequence of what 
has been ſaid, a certain degree of doubt may be left about the 
arrangement and ſcattering of the ſtars, yet when I: recollect, 
that in thoſe parts of the milky way where theſe high gages. 
were taken, the ſtars were neither ſo fmall, nor ſo crowded, 
as they muſt have been on a ſuppoſition of a much far- 
ther continuance of them, when certainly a milky or ne- 
bulous appearance muſt have come on, I need not fear to have 

over- rated the extent of my viſual ray. And indeed every 
thing that can be ſaid to ſhorten it will only contract the limits 
of our nebula, as it has.in moſt places been of ſufficient length 
to go far beyond the bounds of it. Thus, in the ſides of the 
ſtratum oppoſite to our ſituation in it, where the gages often 
run below 5, our nebula cannot extend to too times the diſ- 

tance of Sirius; and the ſame teleſcope, which could ſhew 588 

ſtars in a field of view of 15 minutes, muſt certainly have pre- 

ſented me alſo with the ſtars in theſe ſituations as well as tlie 

former, had they been there. If we ſhould anſwer this by obe: 

ſerving that they might be at too great a diſtance to be per- 

ceived, it will be allowing that there muſt at leaſt be a vacancy 

amounting to the length of a viſual ray not ſhort of 400 times 

the diſtance of Sirius; and this is amply ſufficient to make our 

nebula a detached one. It is true, that it would not be con- 

ſiſtent confidently to affirm that we were on an ifland unleſs 

we had actually found ourſelves every where bounded by the 
ocean, 
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arguments that have been uſed: for if our nebula is not abſo- 


the ſtars continue onwards. A very bright milky nebuloſity 
muſt there undoubtedly come on, fince the ſtars in a field of view 


— rr 
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ocean, and therefore I ſhall go no farther than the gages will 
authoriſe ; but conſidering the little depth of the ſtratum in 
all thoſe places which have · been actually gaged, to which muſt 
be added all the intermediate parts that have.been viewed and 
found to be much like the reſt, there is but little room to expect 
a connection between our nebula and any of the neighbouring 
ones. I ought alſo to add, that a teleſcope with a much larger 
aperture than my preſent one, graſping together a greater quan- 
tity of light, and thereby enabling us to ſee farther into ſpace, 


will be the ſureſt means of compleating and eſtabliſhing the 


lutely a detached one, I am firmly perſuaded, that an-inſtru- 
ment may be made large enough to diſcover the. places where 


will increaſe in the ratio of , greater than that of the cube 
of the viſual ray. Thus, if 588 ſtars in a given field of view 
are to be ſcen by a ray of 497 times the diſtance of Sirius ; 
when this is lengthened to 1000, which is but little more 
than double the former, the number of ſtars in the fame field 


of view will be no leſs than 4774: for when the viſual ray r 


* | 
is given, the number S of ſtars will be = ** where n=r +1; 


and a teleſcope with a three-fold power of extending into ſpace, 
or with a ray of 1500, which, I think, may eaſily be con- 
ſtructed, will give us 16096 ſtars, Now, theſe would not be 
ſo cloſe but that a good power applied to ſuch an inſtrument 
might eaſily diſtinguiſh them; for they need not, if arranged 
in regular ſquares, approach nearer to each other than 6%, 27; 
but what would produce the milky nebulo'ity which I have 


mentioned is the numberleſs ſtars beyond them, which in one 
reſpect 
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teſpect the viſual ray might alſo be ſaid to reach. To make 


this appear we muſt return to, the naked eye, which, as we 
have before eſtimated, can only ſcœe the ſtars of the ſeventh 
magnitude ſo as to diſtinguiſh them; but it is neverthelets very 
evident that the united luſtre of millions of ftars, tuch as [ 
ſuppoſe, the nebula in Andromeda to be, will reach our ſight in 
the ſhape of a very ſmall, faint nebuloſity ; ſince the nebula of 
which I ſpeak may eaſily be ſeen in a fine evening. In the 
ſame manner my preſent teleſcope, as I have argued, has not 
only a viſual ray that will reach the ſtars at 49 times the diſ- 
tance of Sirius ſo as to diftinguith them (and probably, muely 
farther), but alſo a power of ſhewing the united luſtre of the 
accumulated ſtars that compoſe a milky nebulofity, at a diſtance. 
far exceeding the former limits; ſo that from theſe conſidera- 
tions it appears again higlily probable, that my preſent tele ſcope, 
not ſhewing ſuch a nebuloſity in the milky way, goes already far 
beyond its extent: and conſequently, much more would au 
inſtrument, ſuch as I have mentioned, remove all: doubt o 
the ſubject, both by ſhewing the ſtars in the  continuation,:of, 
the ſtratum, and by expoſing a very ſtrong milky nebulofity: 
beyond them, that could no longer be miſtaken for the dark 
ground of the heavens. 

To theſe arguments, which reſt on the firm baſis of a ſeries 
of obſervation, we may add the following conſiderations drawn 
from analogy. Among the great number of nebulæ Which I 
have now already ſeen, amounting to more than goo, there 
are many which in all probability are equally extenſive with. 
that Which we inhabit ;: and yet they are all ſeparated from each 
other, By very, con fiderable intervals. Some indeed there are 
that ſeem to be double and treble; and though with moſt 8 
theſe it max be, that they are at a very: great diſtance from each 
Vol. LXXV. K k Frher, 
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other, yet we allow that ſome ſuch conjunctions really are to 
be found; nor is this what we mean to exclude. But then 
theſe compound or double nebulz, which are thoſe of the third 
and fourth forms, ſtill make a detached link in the great chain, 
It is alſo to be ſuppoſed, - that there may ſtill be ſome thinly 
ſcattered ſolitary ſtars between the large interſtices of nebulæ, 
which, being ſituated fo as to be nearly equally attracted by the 
ſeveral cluſters when they were forming, remain vnafloeiated, 
And though we cannot expect to ſee theſe ſtars, on account of 
their vaſt diſtance, yet we may well preſume, that their num- 
ber cannot be very conſiderable in compariſon to thoſe that- are 
already drawn into ſyſtems; which conjecture is alſo abun- 
dantly confirmed in ſituations where the nebulz are near enough 
to have their ſtars viſible ; for they are all inſulated, and gene- 
rally to be ſeen upon a very clear and pure ground, without 
any ſtar near them that might be ſuppoſed to belong to them. 
And though I have often ſeen them in beds of ſtars, yet'from 
the ſize of theſe latter we may be certain, that they were 
much nearer to us than thoſe nebulæ, and aye undoubtedly 


to our own ſyſtem. 


Uſe of the gages. 


A delineation of our nebula, by an application of the gages 
in the manner which has been propoſed to be done in my for- 
mer paper, may now be attempted, and the following table is 
calculated for this purpoſe. It gives us the length of the viſual 
ray for any number of ſtars in the field of view contained in 
the third column of the foregoing table of gages from s to 
100000. If the number required is not to be found in the firſt 
4 column 
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column of this table, a proportional mean may be taken be- 
tween the two neareſt rays in the ſecond column, without any 
material error, except in the few laſt numbers. The calcula- 
tions of reſolvable and milky nebuloſity, at the end of the 
table, are founded, the firſt, on a ſuppoſition of the ſtars 
being ſo crowded as to have only a ſquare ſecond of ſpace 
allowed them; the next aſſigning them only half a ſecond 
ſquare, However, we ſhould conſider that in all probability a 
very different accumulation of ſtars may take place in different 
nebulz ; by which means ſome of them may aſſume the milky 
appearance, though not near ſo far removed from us; while 
cluſters of ſtars alſo may become reſolvable nebulæ from the. 
ſame cauſe. The diſtinctneſs of the inſtrument is here alſo 
concerned; and as teleſcopes with large apertures are not eaſily 
brought to a good figure, nebulous appearances of both ſorts 
may probably come on much before the diſtance annexed to 


them 1n the table. 


K k 2 tABLE 
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J 
— — — _—_—— 6 — ———— 
Stars in Viſual Stars Ray. Stars, | Ray. | Stars. Ray. | Stars. Ray. | 
the'field| ray. — henrrnnennet —|———— nw” 
——— — 31 186 71 245 | 210 352] 200 527 
0,1 27 | 32 188 | 72 246 | 220 358 Boo | 551 
o,2 3433 190 | 73| 247 | 239 |, 303] - 900 | $73. 
% 39 34 | 192 74 249 | 249 | 360 | 1090 | 593 
| o4t 431 35| 193] 75| 259] 250 } 374 | 20000 1280 | 
,s. 46 | 3D 195 | 70 } 251 | 200 | 378 | 100090 2 
nn 383 
69 1 - $2 | 36 | 299 78 | 253 280 388 1 
88 54 39} 201 29 254 290] 395; l 
0,9 50 40] 202] 80 255 300 | 397 | 
1 8:4 41 | 208 81: | 256 310 401 
2 74 42 206 | B2| 257 320 40 636175 
* 8 5 43 207 83 258 | 330 410 Or | 5112 
4 93 44 209 84 259 | 349 | 414 freſolrable 
5 10145 210 | 8; | 260 |' 350 | 418 ſnebuloſity| | 
6 | 107 | 4b | 212 86 | 261 | 360 422 = | 
71 113 47 | 214 87262 370 426 
6 118 48 215| 38 263] 380 430 
9 123 40 217] 89 264 390 433 
10 | 127 5% 218 90 265 400 | 437 | 
TY 131 | 51 | 219 | g1| 266 | 410 | 441 | | 
12 135 | 52 | 221 | 92 | 267 | 420 | 444 | 2544709 
13| 139 53 222} 93] 268 | 430 | 448 | or 2115 
14 142 | 54 | 224 94 | 269 | 440 | 451 | milky | 
1 146 | 55 225 95 | 270 | 459 | 455 nebuloſity 
18 1% | 50 ,. 460 458 
171 152 | 57 | 228 97 | 272 | 470 | 461 
18 155 58 229| 98 273] 480 464 
19} 158 | 59g | 230 | 99 | 274 | 490 468 | 
20 | 160 | 60 | 232 } 100 ' 275 | 500 | 471 | 
21 | 163 | 61 | 233 | 110 284 510 | 474 | | 
| 22 160 | 62 2.34 120 291 520 | 477 | | 
3 168 | 63 3 130 300 | 530 480 | 
| 24 | 170 | 64 | 237 149 308 540 483 
„„ be 1 238 | 259 | 31S þ $88 480 | | 
i 26 1 2175 | 6G |- 239 160 | 322 | 500 489 | | 
| 27 | 177 | 67 240 170 | 328 | 579 | 492 | 
| 28 | 180 | 68 | 242 | 180 335 | 580 | 495 
I 182 | 09 | 243 190 | 341 | 590 493 | 
| 20| 184 | 750] 2441 200} 347 | 600 | 500 | — 
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: Seckion of our fidereal ſyſtem. 


By. taking out of this table the viſual rays which anſwer to 
the gages, and applying lines proportional 'to them around a 
point, according to their reſ] pective right aſcenſions and north 
polar diſtances, we may delineate a ſolid by means of the ends 
of theſe lines, which will give us ſo many points in its ſur- 
face; I ſhall, however, content myſelf at preſent with a ſec- 
tion only. I have taken one which paſſes through the poles of 
our ſyſtem, and is at rectangles to the conjunction of the 
branches which I have called its length. The name of poles 
ſeemed to me not improperly applied to thoſe points which are 
go degrees diſtant from a circle paſſing along the milky way, 
and the north pole is here aſſumed to be ſituated in R.A. 186? 
and P.D. 58%. The ſection repreſented in fig. 4. is one which 
makes an angle of- 35 degrees with our equator, croſſing it in 
1244 and 3044 degrees. A celeſtial globe, adjuſted to the lati- 
tude of 55 north, and having e Ceti near the meridian, will 
have the plane of this ſection pointed out by the horizon, and 
the gages which have been uſed in this delineation are thoſe 
which in table I. are marked by aſteriſks. When the viſual 
rays anſwering to them are taken out of the ſecond table, they 
muſt be projected on the plane of the horizon of the latitude 
which has been pointed out ; and this may be done accurately 
enough for the preſent purpoſe by a globe adjuſted as above di- 
rected; for as gages, exactly in the plane of the ſection, were 
often wanting, I have uſed many at ſome ſmall diſtance above 
and below the ſame, for the ſake of obtaining more delineating 
points; and in the figure the ſtars at the borders which are 
larger than the reſt- are thoſe pointed out by the gages. The 


2 | inter- 
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intermediate parts are filled up by ſmaller ſtars arranged in 
ſtraight lines between the gaged ones. The delineating points, 
though pretty numerous, are not ſo cloſe as we might wiſh; 
it is however to be hoped that in ſome future time this 
branch of aſtronomy will become more cultivated, ſo that we 
may have gages for every quarter of a degree of the heavens at 
leaſt, and theſe often repeated in the moſt favourable circum 
ſtances. And whenever that ſhall be the caſe, the delineations 
may then be repeated with all the accuracy that long experience 
may enable us to introduce; for, this ſubject being ſo new, 1 
look upon what 1s here given partly as only an example to 
illuſtrate the ſpirit of the method. From this figure how- 
ever, which I hope is not a very inaccurate one, we may ſee 
that our nebula, as we obſerved before, 1s of the third form ; 
that is: A very extenſive, branching, compound Congeries of 
many millions of flars ; which moſt probably owes its origin to 
many remarkably large as well as pretty cloſely ſcattered ſmall 
ſtars, that may have drawn together the reſt. Now, to have 
ſome idea of the wonderful extent of this ſyſtem, I muſt ob- 
ſerve that this ſection of it is drawn upon a ſcale where the 
diſtance of Sirius is no more than the 8oth part of an inch; ſo 
that probably all the ſtars, which in the fineſt nights we are 
able to diſtinguiſh with the naked eye, may be comprehended 
within a ſphere, drawn round the large ſtar near the middle, 
repreſenting our fituation in the nebula, of lets than half a 
quarter of an inch radius, 


The Origin of nebulous Sirata. | (f) 


If it were poſſible to diſtinguiſh between the parts of an of our 


* indefinitely extended whole, the nebula we inhabit might be the con 
; ſaid and the 


E 
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faid to be one that has fewer marks of profound antiquity upon 
it than the reſt. To explain this 1dea perhaps more clearly, we 
mould recolle& that the condenſation of cluſters of ſtars has 
been aſcribed to a gradual approach; and whoever reflects on 
the numbers of ages that muſt have paſt before ſome of the 
cluſters, that will be found in my intended catalogue of them, 
could be fo far condenſed as we find them at preſent, will not 
wouder if I aſcribe a certain air of youth and vigour to many 
very regularly ſcattered regions of our ſidereal ſtratum. There 
are moreover many places in it where there is the greateſt 
reaſon to believe that the ſtars, if we may judge from ap- 
pearances, are now drawing towards various ſecondary centers, 
and will in time ſeparate into different clufters, fo as to occa- 
fon many ſub-diviſions. Hence we may ſurmiſe that when a 
nebulous. ſtratum conſiſts chiefly of nebulæ of the firſt and ſe- 
cond form, it probably owes its origin to what may be called, 
the decay of a great compound nebula of the third form ; and 
that the ſub-diviſions, which happened to it in length of time, 
occaſioned all the ſmall nebulæ which ſprung from it to lie in a 
certain range, according as they were detached from the pri- 
mary one. In like manner our ſyſtem, after numbers of ages, 
may very poſſibly become divided fo as to give rife to a ſtratum 
of two or three hundred nebulæ; for it would not be difficult 
to point out ſo many beginning or gathering clufters in it ( 7 
This view' of the preſent ſubject throws a conſiderable light 
upon the appearance of that remarkable collection of many 


FJ) Mr. MicyELr. has alſo conſidered the ſtars as gathered together into 
groups (Phil. Tranſ. vol. LVII. p. 249.) ; which idea agrees with the ſub-diviſion 
ot our great ſyſtem here pointed out. He founds an elegant proof of this on 
the computation of probabilities, and mentions the Pleiades, the Præſepe Cancri, 
and the nebula (or cluſter of ſtars) in the hilt of Perſeus's ford, as inſtances, 
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hundreds of nebulzz which are to be ſeen in what I have called 
the nebulous ſtratum of Coma Berenices. It appears from the 
extended and branching figure of our nebula, that there is room 
for the decompoſed mall nebulæ of a large, reduced, former 
great one to approach nearer to us in the fides than in other 
parts. Nay, poſſibly, there might originally be another very 
large joining branch, which in time became ſeparated by the 
condenfation of the ſtars ; and this may be the reaſon of the 
little remaining breadth of our ſyſtem in that very place: for 
the nebulæ of the ſtratum of the Coma are brighteſt and moſt 


crowded juſt oppoſite our ſituation, or in the pole of our ſyſtem, 
As ſoon as this idea was ſuggeſted, I tried alſo the oppoſite pole, 
where accordingly I have met with a great number of nebulæ, 


though under a much more {ſcattered form. 


An Opening in the heavens. 14 1 


Sende parts of our ſyſtem gd, ſeem FA to x -have ſuſ- 


tained greater ravages of time than others, if this way of ex- 
prefling myſelf may be allowed ; for inſtance, in the body of 
the Scorpion is an opening, or hole, which is probably owing to 


this cauſe. 1 found it while I was gaging in the parallel from 


112 to 114 degrees of north polar diſtance. As I approached 


the milky way, the gages . had been gradually running up from 


977 to 1 "TT ; when, all of a ſudden, they fell down to nothing, 
a very few pretty large ſtars excepted, which made them ſhew 
0,5, O, 7, 1,1, 1,4, 1,0; after which they again roſe to 4, 7, 


2-5 20, 3, and ſoon after to 41,1. This opening is at leaſt 


4 degrees broad, but its height I have not yet aſcertained. It 


18 remarkable, that the 80 Nebuleuſe fans ctoiles of the Con- 


no ſſance des T, emps, which is one of the richeſt and moſt com- 
preſſed 
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preſſed cluſters of ſmall ſtars I remember to have ſeen, is 
ſituated juſt on the weſtern border of it, and would almoſt au- 
thoriſe a ſuſpicion that the ſtars, of which it is compoſed, were 
collected from that place, and had left the vacancy. What adds 
not a little to this ſurmiſe is, that the ſame phænomenon is 
once more repeated with the fourth cluſter of ftars of the 
Connoiſſance des Temps; which is alſo on the weſtern border of 
another vacancy, and has moreover a ſmall, miniature cluſter, 
or eaſily reſolvable nebula of about 24 minutes in diameter, 
north following it, at no very great diſtance. 


' Phenomena at the Poles of our Nebula. 


I ought to obſerve, that there 1s a remarkable purity or clear- 
neſs in the heavens when we look out of our ftratum at the 
ſides ; that is, towards Leo, Virgo, and Coma Berenices, on one 
hand, and towards Cetus on the other; whereas the ground 
of the heavens becomes troubled as we approach towards the 
length or height of it. It was a good while before I could 
cauſe of theſe phænomena; but ſince I have been 
Vith the ſhape of our ſyſtem, it is plain that theſe 
troubled appearances, when we approach to the ſides, are eaſily 
to be explained by aſcribing them to ſome of the diſtant, ſtrag- 
gling ſtars, that yield hardly light enough to be diſtinguiſhed. 
And I have, indeed, often experienced this to be actually the 


cauſe, by examining theſe troubled ſpots for a long while toge- 


+ ther, when, at laſt, I generally perceived the ſtars which occa- 
honed them. But when we look towards the poles of our 


ſyſtem, where the viſual ray does not graze along the ſide, the 
Vor. LXXV. 1 ſtraggling 
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ſtraggling ſtars of courſe will be very few in number; and 
therefore the ground of the heavens will aſſume that purity 
which 1 have always obſerved to take place in thoſe regions. 


Enumeration of very compound Nebulæ or Milly-Ways. 


As we are uſed to call the appearance of the heavens, where 
it is ſurrounded with a bright zone, the Milky-Way, it may 
not be amiſs to point out ſome other very remarkable Nebulæ 
which cannot well be leſs, but are probably much larger than 
our own ſyſtem ; and, being alſo extended, the inhabitants of 
the planets that attend the ſtars which compoſe them muſt 
likewiſe perceive the ſame phænomena. For which reaſon they 
may alſo be called milky- ways by way of diſtinction. 

My opinion of their fize is grounded on the following ob- 
ſervations. There are many round nebulæ, of the firſt form, 
of about five or ſix minutes in diameter, the ftars of which | 
can ſee very diſtinctly; and on comparing theth with the viſual 
ray calculated from ſome of my long gages, I fuppoſe, by the ap- 
pearanceof the fmall ſtars in thoſe gages, that the centers of theſe 
round nebulz may be 600 times the diſtance of Sirius from us. 

In eſtimating the diſtance of ſuch cluſters I conſulted 
rather the comparatively apparent fize of the ſtars than 
their mutual diftance; for the condenſation in theſe cluſters 
being probably much greater than in our own fyftem, if we 
were to overlook this circumſtance and calculate by their appa- 
rent compreſſion, where, in about fix minutes diameter, there 
are perhaps ten or more ſtars in the line of meafures, we ſhould 
find, that on the ſuppoſition of an equal ſcattering of the ſtars 
throughout all nebule, the diſtance of the center of ſuch a 


cluſter from us could not be leſs than 6000 times the diſtance 
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of Sirius. And, perhaps, in putting it, by the apparent ſize 
of the ſtars, at 600 only, I may have coniideiably under-rated 
it; but my argument, if that ſhould be the caſe, will be fo 
much the ſtronger. Now to proceed, 

Some of theſe round nebulæ have others near them, perfectly 
fimilar in form, colour, and the diſtribution of ſtars, but of only 
half the diameter: andtheſtarsin them ſeem to be doubly crowded, 
and only at about half the diſtance from each other : they are 
indeed fo ſmall as not to be viſible without the utmoſt attention. 
I ſuppoſe theſe miniature nebulz to be at double the diſtance of 
the firſt. - An inſtance, equally remarkable and inſtructive, is 
a caſe where, in the neighbourhood of two ſuch nebulz as 
have been mentioned, I met with a third, ſimilar, reſolvable, 
but much ſmaller and fainter nebula. The ſtars of it are no 
longer to be perceived ; but a reſemblance of colour with the 
former two, and its diminiſhed fize and light, may well per- 
mit us to place it at full twice the diſtance of the ſecond, or 
about four or five times that of the firſt. And yet the neby- 
loſity is not of the milky kind; nor is it ſo much as difficultly 
reſolvable, or colourleſs. Now, in a few of the extended ne- 
bulæ, the light changes gradually fo as from the reſolvable to 
approach to the milky kind; which appears to me an indica- 
tion that the milky light of nebula is owing to their much 
greater diſtance. A nebula, therefore, whoſe light is perfectly 
milky, cannot well be ſuppoſed to be at leſs than fix or eight 
thouſand times the diſtance of Sirius; and though the numbers 
here affumed are not to be taken otherwiſe than as very coarſe 
eitimates, yet an extended nebula, which in an oblique ſitua- 
tion, where it is poſſibly fore-ſhortened by one-half, two-thirds, 
or three-fourths of its length, ſubtends a degree or more in 
diameter, 
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diameter, cannot be otherwiſe than of a wonderful magnitude, 
and may well outvie our milky-way in grandeur. 

The firſt J ſhall mention is a milky Ray of more than a de- 
gree in length. It takes & (Fr. 52.) Cygni into its extent, to 
the north of which it 1s crookedly bent fo as to be convex 
towards the following ſide; and the light of it is pretty intenſe, 
To the ſouth of & it is more diffuſed, leſs bright, and loſes 
itſelf with ſome extenſion in two branches, I believe; but for 
want of light I could not determine this circumſtance, The 
northern half is ncar two minutes broad, but the ſouthern is 
not ſufficiently defined to aſcertain its breadth. - 

The next is an extremely faint milky Ray, above 1 degree 
long, and 8 or 10“ broad; extended from north preceding to 
ſouth following. It makes an angle of about 3o or 40 degrees 
with the meridian, and contains three or four places that are 
brighter than the reſt. The ſtars of the Galaxy are ſcattered 
over it in the ſame manner as over the reſt of the heavens, It 
follows e Cygni 11,5 minutes in time, and is 25 19” more ſouth. 

The third is a branching Nebuloſity of about a degree and a 
half in right aſcenſion, and about 48” extent 1n polar diſtance. 
The following part of it 1s divided into ſeveral ſtreams and 
windings, which, after ſeparating, meet each other again 
towards the ſouth. It precedes & Cygni 167 in time, and is 
1* 16' more north. I ſuppoſe this to be joined to the preceding 
one; but having obſerved them in different ſweeps, there was 
no opportunity of tracing their connection. 

The fourth is a faint, extended milky Ray of about 17' in 
length, and 12“ in breadth. It is brighteſt and broadeſt in the 
middle, and the ends loſe themſelves. It has a ſmall, round, 
very faint nebula juſt north of it; and alſo, in another place, 
a ſpot, brighter than the reſt, almoſt detached enough to form 
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a different nebula, but probably belonging to the great one. 
The Ray precedes « Trianguli 187,8 in time, and is 55 more 
north. Another obſervation of the ſame, in a finer evening, 
mentions its extending much farther towards the ſouth, and 
that the breadth of it probably is not leſs than half. a degree; 
but being ſhaded away by imperceptible gradations, it is diffi- 
cult exactly to aſſign its limits. 

The fifth is a Streak of light about 27“ long, and in the 
brighteſt part 3 or 4/ broad. The extent is nearly in the meri- 
dian, or a little from ſouth preceding to north following. It 
follows g Ceti 5/,9 in time, and is 2* 43“ more ſouth. The 
ſituation 1s ſo low, that it would probably appear of a much 
greater extent in a higher altitude. 3 

The ſixth is an extenſive milky Nebuloſity d into two 
parts; the moſt north being the ſtrongeſt. Its extent exceeds 
15“; the ſouthern. part is followed by a parcel. of ſtars which 
L ſuppoſe to be the 8th of the Connorfſance des Temps. 

The ſeventh is a wonderful, extenſive Nebulofity of the milky 
kind. There are ſeveral ſtars viſible in it, but they can have 
no connection with that nebuloſity, and are, doubtleſs, belong- 
ing to our own ſyſtem ſcattered before it. It is the 15th of 
the Connoiſſance des Temps. 

In the liſt of theſe muſt alſo. be reckoned the beautiful Ne- 
bula of Orion. Its extent is much. above one degree; the 
eaſtern branch paſſes between two very ſmall ſtars, and runs on 
till it meets a very bright one. Cloſe to the four {mall ſtars, 
which can have no connection with the nebula, is a total black- 
neſs; and within the open part, towards the north-eaſt, is a 
diſtinct, ſmall, faint nebula, of an extended ſhape, at a diſtance 
from the border of the great one, to which it runs in a parallel 

4 direction, 
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direction, reſembling the ſhoals that are ſeen near the coaſts of 
| ſome iflands. 
The ninth is that in the girdle of Andromeda, which is un- 
doubtedly the neareſt of all the great nebulæ; its extent is 
above a degree and a half in length, and, in even one of the 
narroweſt places, not leſs than 16” in breadth. The brighteſt 
part of it approaches to the reſolvable nebuloſity, and begins 
to ſhew a faint red colour; which, from many obſervations on 
the colour and magnitude of nebulæ, ] believe to be an indica- 
tion that its diſtance in this coloured part does not exceed 2000 
times the diſtance or Sirius. There 1s a very conſiderable, 
broad, pretty faint, ſmall nebula near it; my Siſter diſcovered 
it Auguſt 27, 1783, with a Newtonian 2- feet ſweeper. It ſhews 
the ſame faint colour with the great one, and is, no doubt, in 
the neighbourhood of it. It is not the 324d of the Connoiſſance 
des Temps ; which is a pretty large round nebula, much con- 


this 1s about two-thirds of a degree north preceding it, in a 
line parallel to g and Andromedz. 

To theſe may be added the nebula in Vulpecula: for, though 
its appearance is not large, it is probably a double ſtratum of 
ſtars of a very great extent, one end whereof 1s turned towards 
us. That it is thus ſituated may be ſurmiſed from its contain- 
ing, in different parts, nearly all the three nebuloſities ; vis. 
the reſolvable, the coloured but irreſolvable, and a tincture of 
the milky kind. Now, what great length muſt be required to 
produce theſe effects may eaſily be conceived when, in all pro- 
bability, our whole ſyſtem, of about 800 ſtars in diameter, if 
it were ſeen at ſuch a diſtance that one end of it might aſſume 


the reſolvable nebuloſity, would not, at the other end, preſent 


us 


denſed in the middle, and ſouth following the great one; but 
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vs with the irrefolvable, much leſs with the colourleſs and [ 
milky {ort of nebuloſities. 


A Perforated Nebula, or Ring of Stars. 


Among the curioſities of the heavens ſhould be placed a 
nebula, that has a regvlar, concentric, dark ſpot in the middle, 
and is probably a Ring of ſtars. It is of an oval ſhape, the 
ſhorter axis being to the longer as about 83 to 100; fo that, if 
the ſtars form a circle, its inchnation to a line drawn from the 
ſun to the center of this nebula muſt be about 56 degrees. The 

| light is of the reſolvable kind, and in the northern ſide three 
very faint ſtars may be ſeen, as alſo one or two in the ſouthern 
part. The vertices of the longer axis ſeem leſs bright and not | 
ſo well defined as the reſt. There are ſeveral ſmall ſtars very 
near, but none that ſcem to belong to it, It is the 57th of 
the Connoiſfance des Temps. Fig. 5. is a repreſentation of it. 
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Planetary Nebulæ. 


I ſhall conctude this paper with an account of a few hea- 
venly bodies, that from their fingular appearance leave me almoſt 
in doubt where to claſs them. : 

The firſt precedes » Aquarii 5/,4 in time, and is 1“ more 
north. Its place, * a to a ſmall ſtar Sept. 7, 1782, 
was, Diſtance'8 137/51“; but on account of the low ſituation, 
and other unfavourable ee e the menſiiee cannot be 
very exact. Auguſt 25, 1783, Diſtance 7' 5” 11”, very exact, 
and to my ſatis faction; the light being 44 in by an «46 bg 
microfcopic-illumination (g). Sept. 20, 178 3. Poſition 41* 24 

ſouth 


) It may be of uſe to explain this kind of lamination for which the New- 
tonian reflector is admirably conſtructed. On the fide oppoſite the eye-piece an 
opening is to be made in the tube, through which the light may be thrown in, fo 
3s to fall on ſome reflecting body, or concave perforated mirror, within the eye- 
piece, 
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ſouth preceding the ſame tar; very exact, and by the fame 
kind of illumination. Oct. 17, 1783, Diſtance 6* 55“ %%; 
a ſecond meaſure 6” 56“ 11”, as exact as N Oct. 23, 
1783, Poſition 42 57“; a ſecond meaſure 42 45” ; ſingle lens; 

power 71; opaque-microſcopic-iliumination. Nov. 14. 1783, 
Diſtance 7' 4” æ 35“. Nov. 12, 1784, Diſtance 7 22” 357”; 
Poſition 387 39“. Its diameter is about 10 or 15”, I haveexa- 
mined it with the powers of 71, 227, 278, 460, and 932; 
and it follows the laws of magnifying, ſo that its body is no 
aluſion of light. It is a little oval, and in the 7-feet reflector 
pretty well defined, but not ſharp on the edges. In the 20- feet, 
of 18,7 inch aperture, it is much better defined, and has much 
of a planetary appearance, being all over of an uniform bright- 
neſs, in which it differs from nebulz : its light ſeems however 
to be of the ſtarry nature, which ſuffers not nearly ſo much as 
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the planetary diſks are known to do, when much magnified. 


The ſecond of theſe bodies precedes the 13th of FLam- 
STEED's Andromeda about 1'6 in time, and is 22“ more ſouth, 
It has a round, bright, pretty well defined planetary diſk of 
about 12” diameter, and is a little elliptical. When it is viewed 
with a 7-feet reflector, or other inferior inſtruments, it is not 
nearly ſo well defined as with the 20-feet. Its ſituation with 
regard to a pretty conſiderable ſtar is, Diſtance (with a com- 
pound glaſs of a low power) 7“ 51” 34“. Poſition 12% of f. 
preceding. Diameter taken with 278, 14“ 42“ 

The third follows B (Fr. 44.) Ophiuchi 4, 1 in time, and 
is 23 more north. It is round, een well defined, and 
pretty bright; its diameter is about 30“. 


piece, that may throw it back upon the wires. By this means none of the direct 
rays can reach the eye, and thoſe few which are reflected again from the wires do 
not interfere ſenſibly with the fainteſt objects, which may thus be ſeen undiſ- 


turbed. | 
The 
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The fourth follows 3 Sagittz 17 in time, and is 2' more 
north. It 1s perfectly round, pretty bright, and pretty well 
defined; about à min. in diameter. 

The fifth follows the 21ſt Vulpeculæ 2,1 in time, and is 
1 46“ more north. It 1s exactly round, of an equal light 
throughout, but pretty faint, and about 1“ in diameter. 

The ſixth precedes % (FL. 39.) Cygni 87,1 in time, and is 
1 26“ more ſouth. It is perfectly round, and of an equal 
light, but pretty faint; its diameter is near 1', and the edges 
are pretty well defined. 

The planetary appearance of the two firſt is ſo remarkable, 
that we can hardly ſuppoſe them to be nebulæ; their light is 
ſo uniform, as well as vivid, the diameters ſo ſmall and well 
defined, as to make it almoſt improbable they ſhould belong to 
that ſpecies of bodies. On the other hand, the effect of dif- 
ferent powers ſeems to be much againſt their light's being of a 
planetary nature, ſince it preſerves its brightneſs nearly in the 
ſame manner as the ſtars do in ſimilar trials. If we would ſup- 
poſe them to be ſingle ſtars with large diameters we ſhall find it 
difficult to account for their not being brighter ; unleſs we 
ſhould admit that the intrinſic light of ſome ſtars may be very 
much inferior to that of the generality, which however can 
hardly be imagined to extend to ſuch a degree. We might 
ſuſpect them to be comets about their aphelion, if the bright- 
neſs as well as maguitude of the diameters did not oppoſe this 
d idea; fo that after all, we can hardly find any bypotheſis fo 
d probable as that of their being Nebulz ; but then they muſt 

conſiſt of ſtars that are compreſſed and accumulated in the 


q higheſt degree. If it were not perhaps too hazardous to purſue 
lo a former ſurmiſe of a renewal in what I figuratively called the 
f- Laboratories of the univerſe, the ſtars forming theſe extraord1- 


nary nebulz, by ſome decay or waſte of nature, being no longer 
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fit for their former purpoſes, and having their projectile forces, 
if any ſuch they had, retarded in each others atmoſphere, may 
ruſh at laſt together, and either in ſucceſſion, or by one general 


tremendous fhock, unite into a new body. Perhaps the ex- 


traordinary and ſudden blaze of a new ſtar in Caſſiopea's chair, 
in 1572, might poſſibly be of ſuch a nature. But left I ſhould 
be led too far from the path of obſervation, to which I am 
reſolved to limit myſelf, I ſhall only point out a conſiderable 
uſe that may be made of theſe curious bodies. If a little atten- 
tion to them ſhould prove that, having no annual parallax, they 
belong moſt probably to the claſs of nebulæ, they may then 
be expected to keep their ſituation better than any one of the 
ſtars belonging to our ty{tem, on account of their being pro- 
bably at a very great diſtance. Now to have a fixed point 
ſomewhere in the heavens, to which the motions: of the reſt 
may be referred, is certainly of confiderable conſequence in 
Aſtronomy ; and both theſe bodies are bright and ſmall enough 
to anſwer that end (5). 


Datchet near Windſor, | W. HERSCHEL. 


January 1, 1785. 


(bh) Having found two more of theſe curious objects, I add the place of them 
here, in hopes that thoſe who have fixed inſtruments may be induced to take an 
early opportunity uf obſerviug them carefully. 

Feb. 1, 1785. A very bright, planetary nebula, about half a minute in diame- 
ter, but the edges are not very well defined. It is perfectly round, or perhaps a 
very little elliptical, and all over of an uniform brightn« is : with higher powers 
it becomes proportionally magnified. It follows y Eridani 16' 16” in time, and 
13 49“ more north than that ſtar, 

Feb. 7, 1785. A beautiful, very brilliant globe of light; a little hazy on the 
edges, but the hazineſs goes off very ſuddenly, ſo as not to exceed the 20th part 
of the diameter, which I ſuppoſe to be from 30 to 40“. It is round, or perhaps 
a very little elliptical, and all over of an uniform brightneſs : I ſuppoſe the intenſity 
of its light to be equal to that of a ſtar of the ninth magnitude. It precedes the 
third þ (FL, 6.) Crateris 28' 36“ in time, and is 17 25' more north than that Car. 
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fit for their former purpoſes, and having their projectile for, 
if any ſuch they had, retarded in each others atmoſphere, m 
ruſh at laſt together, and either in ſucceſſion, or by one genera” 
tremendous fhock, unite into a new body. Perhaps the ex 
traordinary and ſudden blaze of a new ſtar in Caffiopea's chair, 
in 1572, might poſſibly be of ſuch a nature. But left I ſhould 
be led too far from the path of obſervation, to which I am 
reſolved to limit myſelf, I ſhall only point out a conſiderable 
uſe that may be made of theſe curious bodies. If a little atten- 
tion to them ſhould prove that, having no annual parallax, they 
belong moſt probably to the claſs of nebulæ, they may then 
be expected to keep their ſituation better than any one of the 
ſtars belonging to our fyſtem, on account of their being pro- 
bably at a very great diſtance. Now te have a fixed point 
{omewhere in the heavens, to which the motions of the reſt 
may be referred, is certainly of conſiderable conſequence in 
Aſtronomy 3; and both theſe bodies are bright and imall enough 
to anſwer that end (). 


Datchet near Windſor, 5 W. HERSCH EI. 
January 1, 1785. i ; 3 I 


() Having found two more of theſe curious objects, I add the place of them 
here, in hapes that thoſe who have fixed inſtruments may be induced to take an 
early opportunity of obſerving them carefully. 

Feb. 1, 1785. A very bright, planetary nebula, about half a minute in diame- 
ter, but the edges are not very well defined. It is perfectly round, or perhaps a 
very little elliptical, and all over of an uniform brightne is: with higher powers 
it becomes proportionally magnified. It follows y Eridani 16“ 16“ in time, and 
13 49“ more north than that ſtar, 

Feb. 7, 1785. A beautiful, very brilliant globe of light; a title hazy on the 
edges, but the hazineſs goes off very ſuddealy, ſo as not to exceed the 20th part 
of the diameter, which I ſuppoſe to be from 30 to 40“. It is round, or perhaps 
a very little elliptical, and all over of an uniform 3 : I ſuppoſe the intenſity 
of its light to be equal to that of a ſtar of the ninth magnitude. It precedes the 
third þ (FL. 6.) Crateris 28' 36“ in time, and is 1* 25' more north than that Gar. 
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VIII. „ on | Pecife G ba taken at different Degrees +. 
| Heat, and an eaſy Method of. reducing them to a common Stan- 


dard. By Richard Kirwan, Efg. F. R. S. = 7 


Read February 17, 1785. 


many occaſions, is too well known to require any proof; but 


that a Principal uſe reſulting from this compariſon, when pro- 


perly made, is unattainable by a peruſal of the common tables, 
I ſhall here endeavour to ſhew, and at the fame time point 


out a remedy for this defect. 


One capital advantage derivable from a table of ſpecific gra- 


vities, is the knowledge of the abſolute weight of any ſolid 


meaſure of the ſubſtances therein contained, or that of the ſolid 


meaſure of a given weight of thoſe ſubſtances, a cubic foot of 
water being ſuppoſed to weigh 1 000 Ounces avoirdupois, and 
conſequently a cubic inch of water weighing 253,182 grains. 
But the authors who have diſcovered this equation of weight and 
meaſure, and all thoſe wha have ſince treated this ſubject, have 
neglected to inform us of the temperature at which this agree- 
ment takes place; yet that it cannot take place in all tempera- 


tures is evident from the experiments of Dr. Hairzy and 


others, who have found, that from a few degrees above the 


freezing to the boiling point, water is dilated about .*. of its 


bulk; and, conſequently, if 1009 ounces at the freezing point 
be equal to one cubic foot, they muſt be equal at the boiling 
M m 2 paitit 


HAT a comparative view of the weights of equal volumes 
of water and all other ſubſtances 1 is highly uſeful on 
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2660 M.. KU 8 Remarks on Nele Gravitiee 
point to one cubic foot and 66, 46 cubic inches. And if _, 
dilatations are proportional to the degrees of heat throughout 
+ the ſcale, there muſt be an augmentation of 3,1 36 cubic inches 
per cubic foot, produced by every 10 degrees of heat. Both 
theſe points remain, therefore, to be determined; firſt, at what 
temperatùre a cubic foot of water weighs exactly 1000 ounces 
avoirdupois; and. adly, whether the dilatations produced by ſuc- 
ceſſive degrees of heat are proportional to the degrees that pro- 
duce them. This laſt point has indeed been handled by others, 
but with different views; and their determinations are not eaſily 
applicable to the preſent queſtion. 

To examine this matter experimentally, I ordered a hollow 
tinned iron cone to be made, of four inches diameter in the 
baſe, one-tenth of an inch diameter in the ſummit infide, and 
10 inches perpendicular height, whoſe ſolid contents ſhould be 
42,901 cubic inches, but by a ſlight diminution of the dia- 
1 meter, and a protuberance arifing from the ſoldering, I found 
itt to contain, in the temperature of 62*, but 42,731 cubic 
; inches, according to the eftimation of- 1000 ounces to the 
= cubic foot; and having filled it by immerſion in boiling water, 
i and taken it up at different degrees of heat, and weighed it 
when cold, I found its contents as expreſſed in the following 
table; the firſt column of which ſhews the degrees of heat at 
which 1t was taken up; the ſecond, the weight of the water 
contained in it; the third, the diminution of weight occaſioned 
by thoſe degrees of heat; the fourth, the ſum of the diminu- 
tions of weight in the cubic foot, by the preceding degrees of 
heat ; the fifth ſhews the weight of a cubic inch of water in 
each of thoſe degrees of heat; and the ſixth, the augmentation 
of bulk in the cubic foot by every 20 of heat. The horizontal 
lines, marked thus “, I have added from the experiments of Mr. 
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year 1776, whoſe determinations, as far as they reached, agreed 
very nearly with mine. The water I uſed was common water 
well boiled and filtered. The experiments were for the moſt 
part three times repeated, and the difference in each trial 
amounted to a very few grains. 


V. 


in. Sum of [Weight of Increaſe | 
dim. ina | a cubic | in cubic | 


. [cubic joot,| inch, | inches. 
243,8 | 4.892 
244,51 12,818 


10525275 | 
- | 10596,00 | 62,00 247,97 | 10,209 
10658, 60 56, 15 | | 249743 95103 
1071475 49, 
10763, 75 [ 35» 
10799,25 19,5 


S 


e 2 | l 253» 

10818,75 253,182 © 

= = =-þ} 253»3 * 

Ng” Spe 253,40 Ws 
Decreaſe 


253,403] 1,930 212 
2535 0,004 bic inches. 


— — — 


10830, 5 12 485,3 


» — 22·üͤ 


— — 


Hence we ſee, that a cubic foot of water weighs 48 5, 3 grains 
more at 420 than at 62*, and conſequently is equal to 1001, 109 
avoirdupois ounces, and in the temperature of 820 3t weighs leſs 
than at 62 by 788, 5 grains, and therefore is equal to 998,198 
ounces. At the boiling point it wants 16589 grains, or 37,915 
ounces of the weight it poflefles at 62, and conſequently 
weighs but 962,085 ounces, &c. 
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Man, in the Memoirs of the Academy of Stockholm for the 
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and taken it up at different degrees of heat, and weighed it 
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point to one cubic foot and 66,46 cubic inches. And if the 
dilatations are proportional to the degrees of heat throughout 
the ſcale, there muſt be an augmentation of 3,136 cubic inches 
per cubic foot, produced by every 10 degrees of heat. Both 
theſe points remain, therefore, to be determined ; firſt, at what 
temperature a cubic foot of water weighs exactly 1000 ounces 
avoirdupois; and,2dly, whether the dilatations produced by ſuc- 
ceſſive degrees of heat are proportional to the degrees that pro- 
duce them. This laſt point has indeed been handled by others, 
but with different views ; and their determinations are not eaſily 
applicable to the preſent queſtion. 
To examine this matter experimentally, I ordered a hollow 
tinned iron cone to be made, of four inches diameter in the 
baſe, one-tenth of an inch diameter in the ſummit infide, and 
10 inches perpendicular height, whole ſolid contents ſhould be 
42,901 cubic inches, but by a flight diminution of the dia- 
meter, and a protuberance ariſing from the toldering, I found 
it to contain, in the temperature of 62", but 42,731 cubic 
inches, according to the eſtimation of 1000 ounces to the 
cubic foot; and having filled it by immerſion in boiling water, 


when cold, I found its contents as expreſſed in the following 
table; the firſt column of which ſhews the degrees of heat at 
which it was taken up; the ſecond, the weight of the water 
contained in it; the third, the diminution of weight occaſioned 
by thoſe degrees of heat; the fourth, the ſum of the diminu- 
tions of weight in the cubic foot, by the preceding degrees of 
heat ; the fifth ſhews the weight of a cubic inch of water 1n 
each of thoſe degrees of heat; and the ſixth, the augmentation 
of bulk in the cubic foot by every 20? of heat. The horizontal 
lines, marked thus “, I have added from the experiments of Mr. 

2 + Br. ADH, 
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B ADN, in the Memoirs of the Academy of Stockholm for the 
- year 1776, whoſe determinations, as far as they reached, agreed 
very nearly with mine. The water I uſed was common water 
well boiled and filtered. The experiments were for the moſt 
part three times repeated, and the difterence in each trial 
amounted to a very few grains. 


| II. III. | IV. [ V. VI. 


Contents of | Dimin,| Sum of Weight of | Increaſe 


| 
Degrees| the eone in = 1 dim. ina | a cubic | in cubic 
grains, | grains. {cubic zoot,| inch. inches, 


— _ 1 — _ 
— —_ — — — 


1 
212 | 10418,75 29,5 16589 243,8 ][ 4,892 F 
202 10448,25 77, 5 | 15354 | 244,51 | 12,818 
182 | 20525,75 |71,75 | 12133 | 240,33 | 11,533 
i162 | 10596,00 |62,60 | 9171 | 247,97 | 10,209 
142 | 10658,60 | 56,15 | 6602 | 249,43 | 9,103 
122 | 10714,75 [49,00 | 4310 | 250,75 | 7,920 
102 | 10763,75 35.5 2226 | 251,89 8,7 
\ 82 | 10799,25 {19,5 | 788 | 252,72 | 3,120 
— — — | 


| 1 | 
> 25306 |= = + 
62 | 10818,75 S: 253,102 © [Total inereaſe of 


*6 | — —-|—- — -f 253,3' | = — +-|bulk from 62* t 
[ Increaſe Increaſe | 1212*=65,327 cu 
50 33 = wm i ew = | 253,40 — — Abie inches. 
| Decreaſe Total from 36* t 
42 | 10830,75 | I2 mY 253,403] 1,930 21267, 327 cu- 
*265| = = -|- [ - — 253,5 | 0,064 |bicinches. 


—— — 
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Hence we ſee, that a cubic foot of water weighs 48 5,3 grains 
more at 425 than at 62", and conſequently is equal to 100 1, 109 
avoirdupois ounces, and in the temperature of 820 it weighs leſs 
than at 62 by 788, 5 grains, and therefore is equal to 998, 198 
ounces. At the boiling point it wants 16589 grains, or 37,915 
ounces of the weight it poſſeſſes at 62, and conſequently 
weighs but 962,085 ounces, &c. 
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In this calculation I take no account of the difference ariſing 


|| from the expanſion of the veſſel, it being only 0,067 of an ſam 
1 inch at the boiling point; for, according to BouguzR, iron is 75" 
dilated 0,00055 of its bulk from the -freezing to the boiling will 
point; confequently 42,961 cubic inches gain only 0,067 of an pera 


inch, augmenting the diameter and perpendicular height of fore 
this fruſtum of a cone at the boiling point in that proportion. will 


Hence alſo we ſee, that the expanſions of water are not pro- but 
portional to the degrees of neat; for by 2o degrees of heat from ——- 
625 to 82 a cubic foot of water is dilated only 3,12 inches, but by B 
the next 20 degrees of heat, that is, from 82? to 102?, it is true 
expanded 5,7 inches, &c. vity 

Mr. BLADIH found the volume of water at 32 to be equal bodi 


to that at 535,6; but that this irregular expanſion ceaſed at 3656, degr 
and, according to Mr. De Luc (who firſt diſcovered it) at 439. trac 


As the expantion of liquids by equal degrees of heat 1s much 2 
greater than that of ſolids, it happens, that the ſpecific gravi- to 0! 
ties of the ſame ſolid taken at different temperatures will be <9 
different; and, what appears more extraordinary, the ſame ſolid diffe 
will appear ſpecifically heavier in higher than in lower tempera- diffe 
tures; for the ſame volume of water being lighter in higher 


than in lower temperatures, the ſolid will loſe leſs of its weight be fc 
in it in the former than in the latter daſe: this miſtake we 
may remedy by inſpecting the fifth column of the foregoing cuby 
table and the following analogy : as the weight of a cubic inch 45 15 
of water at the temperature of 629 1s to the weight of a cubic of n 
inch of water at u degrees of temperature, ſo is the ſpecitic 
gravity found at u degrees of temperature to that which will 
be found at 622. 
Thus, if 1000 grains of iron be weighed in water of the 
temperature of E2,, and it loſes therein 13, 233 grains, if the 
ſame 


at different Degrees of Heat. 27 


ſame piece of iron be weighed in water of the temperature of 


75%, it will loſe but 13, 313 grains; for the loſſes of weight 
will be as the weights of equal volumes of water at thoſe tem- 
peratures, which, as we have ſeen, are as 25 3.18 to 252,8 - there- 
fore, its ſpecific gravity in water of the temperature of 625 
will be 7, 49; and in water of the temperature of 75*. 7, 511; 
but we may correct this by the above analogy, far 
2 253.8. 252,10 : 7,511 75,49. 

By this means we obtain the advantage of diſcovering the 
true weight of a cubic foot of any ſubſtance whoſe ſpecific gra- 
vity is known, which it is now plain cannot be known when 
bodies are hydroſtatically weighed at any temperature a few 
degrees above or below 62, without ſuch reduction, or ſub- 
trating the quantities in the fourth column. 

This method is equally applicable, and with equal neceſſity, 
to other means of finding ſpecific gravities, as areometers, the 
compariſon of the weights of equal meaſures of liquids, the 
different loſſes of weight of the fame ſolid, when weighed in 
different liquids, &c. In all which caſes the weight of water 
at 62 or the loſs of weight of a ſolid in water at 625, ſhould 
be found by the above analogy. 

Dr. HAL Es and ſome others have eſtimated the weight of a 
cubic inch of water at 254 grains, which is an evident miſtake, 
as it is true in no degree of temperature, and produces an error 
of more than three ounces in the cubic foot. 
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XIV. Electrical Experiments made in order to aſcertain the non- 
conducting Power of a perfect Vacuum, &c. By Mr. Wil- 
liam Morgan; communicated by the Rev. Richard Price, 


, LL.D. F. R. S. 


Read February 24, 1785. 


HE non- conducting power of a perfect vacuum is a fat 
in electricity which has been much controverted among 


philoſophers. The experiments made by Mr. W ALS, F. R. S. in 


cor 
the double barometer tube clearly demonſtrated the impermeabi- pla 
lity of the electric /ght through a vacuum; nor was it, I think, exp 


precipitate to conclude from them the impermeability of the 
electric fluid itſelf. But this concluſion has not been univerſally 
admitted, and the following experiments were made with the 
view of determining its truth or fallacy. When ] firſt attended 
to the ſubject, I was not aware that any other attempts had 
been made beſides thoſe of Mr. WarLsn; and though I have 
ſince found myſelf to have been in part anticipated in one of 
my experiments, it may not perhaps be improper to give ſome 
account of them, not only as they are an additional teſt:mony 
in ſupport of this fact, but as they led to the obſervation of 
ſome phænomena which appear to be new and intereſting. 

A mercurial gage B (lee tab. IX. fig. 1.) about 15 inches 
long, carefully and accurately boiled till every particle of all 
was expelled from the infide, was coated with tin-foil five 
inches down from its ſealed end (A), and being inverted into 

mercury 


\ 


VV. Monean's Experiments, Ke. $223 
mercury through a perforation (D) in the braſs cap (E) which 


covered the mouth of the ciſtern (H), the whole was cemented. 


together, and the air was exhauſted from the inſide of. the 
ciſtern through a valve (C) in the braſs cap (E) juſt mentioned, 
which producing a perfect vacuum in the gage (B) afforded au 
inſtrument peculiarly well adapted for experiments of this 
kind. Things being thus adjuſted (a ſmall wire (F) having 


been previouſly fixed on the inſide of the ciſtern to form a com- 


munication between the braſs cap (E) and the mercury (G) 


into which the gage was inverted) the coated end (A) was ap- 
plied to the conductor of an electrical machine, and notwith- 
ſtanding every effort, neither the ſmalleſt ray of light, nor the 
ſlighteſt charge, could ever be procured in this exhauſted gage. 
I need not obſerve, that if the vacuum on its inſide had been a 
conductor of electricity, the latter at leaſt muſt have taken 
place, for it 15 well known (and I have myſelf often made the 
experiment) that if a glaſs tube be exhauſted by an air-pump, 
and coated on the outſide, both light and a charge may very 
readily be procured. If the mercury in the gage be imperfectly 
boiled, the experiment will not ſucceed ; but the colour of the 
electric light, which, in air rarefied by an exhauſter, is always 
violet or purple, appears in this caſe of a beautiful green, and, 
what is very curious, the degree of the air's rarefaction may be 
nearly determined by this means; for I have known inſtances, 
during the courſe of theſe experiments, where a ſmall particle 
of air having found its way into the tube (B), the electric 
light became viſible, and as uſual of a green colour; but the 
charge being often repeated, the gage has at length cracked at 
its ſealed end, and in conſequence the external air, by being 
admitted into the inſide, has gradually produced a change in 


the electric light from green to blue, from blue to indigo, and 
Vol. LXXV. Nen „ 
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ſo on to violet and purple, till the medium has at laſt become ſo 
denſe as no longer to be a conductor of electricity. I think 
there can be little doubt from the above experiments -of the 
non - conducting power of a perfect vacuum; and this fact is 
ſtill more ſtrongly confirmed by the phænomena which appear 
upon the admiſſion of a very minute particle of air into the 
inſide of the gage. In this caſe the whole becomes imme. 
diately luminous upon the ſlighteſt application of electricity, 
and a charge takes place, which continues to grow more and 
more powerful in proportion as freſh air is admitted, till the 
denfity of the conducting medium arrives at its maximum, 
which it always does when the colour of the electric light is 
indigo or violet. Under theſe circumſtances the charge may 
be ſo far increaſed as frequently to break the glaſs. In ſome 
tubes, which have not been completely boiled, I have obſerved, 
that they will not conduct the electric fluid when the mercury is 
fallen very low in them, yet upon letting in air into the ciſtern 
(H), fo that the mercury ſhall riſe in the gage (B), the elec- 
tric fluid, which was before latent in the inſide, ſhall now be- 
come viſible, and as the mercury continues to riſe, and of con- 
ſequence the medium is rendered lefs rare, the light ſhall grow 
more and more viſible, and the gage ſhall at laſt be charged, 
notwithſtanding it has not been near an electrical machine for 
two or three days. This ſeems to prove, that there is a limit 
even in the rarefaction of air, which ſets bounds to its con- 
ducting power; or, in other words, that the particles of air may 
be ſo far ſeparated from each other as no longer to be able to 
tranſmit the electric fluid; that if they are brought within a 
certain diſtance of each other, their conducting power begins, and 
continually increaſes till their approach alſo arrives at its limit, 
when the particles again become ſo near as to reſiſt the paſſage 
Fl | of 
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ar the fluid entirely, without employing violence, which is 
the caſe in common and condenſed air, but more particularly 
in the latter. Theſe experiments, however, belong to another 
ſubject, and may poſſibly be connected at ſome future 
time. 

It is W to a bow lily an ee. 7 3 5 18 
charged with electricity. By placing it at ten or twelve inches 
from the conductor the light may be ſeen pervading its inſide, and 
as ſtrong a charge may ſometimes be procured as if it were in 
contact with the conductor: nor does it ſignify how narrow the 
bore of the glaſs may be; for even a thermometer tube, having 
the minuteſt perforation poſſible, will charge with the; utmoſt 
facility; and in this experiment the phænomena are ban 
beautiful. 77K 
Let one end of a thermometer tube be ſealed enn 
Let the other end be cemented into a brafs cap with a valve, 
or into a braſs cock, ſo that it may be fitted to the plate ef an 
air-pump. When it is exhauſted, let the ſealed end be applied 
to the conductor of an electrical machine, while the other end 
is either held in the hand or connected to the floor. Upon the 
lighteſt excitation the electric fluid will accumulate at the ſealed 
end, and be diſcharged through the inſide 1 in the form of 2 
ſpark, and this accumulation and diſcharge may be inceſſantly 
repeated till the tube is broken. By this means I have had a 
ſpark 42 inches long, and, had I been provided with a proper tube, 
I do not doubt but that I might have had a ſpark of four times 
that length. If, inſtead of the ſealed end, a bulb be blown at that 
extremity of the tube, the electric light will fill the whole of 
that bulb, and then paſs through the tube in the form of a 


| brilliant ſpark, as in the foregoing experiment; but in this caſe 
| | have ſeldom been able to repeat the trials above three or four 


Non 2 times 
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times before the charge has made a ſmall perforation, in the 
bulb. If again a thermometer filled with mercury be inverted 
into a ciſtern, and the air exhauſted in the manner I have de. 
feribed for making the experiment with the gage, a Torricellian 
vacuum will be produced; and now the electric light in the 
bulb, as well as the ſpark in the tube, will be of a vivid green; 
but the bulb. will not bear a frequent repetition of charges be- 
fore it is perforated. in like manner as when it has been ex- 
hauſted by an air-pump. It can hardly be neceflary to obſerve, 
that in theſe caſes the electric fluid aſſumes the appearance of a 
fpark *, from the narrowneſs of the paſſage through which it 
forces its way. If a tube, 40 inches long, be fixed into a globe 
8 or ꝗ inches in diameter, and the whole be exhauſted, the electric 
fluid, after paſſing in the form of a brilliant ſpark throughout 
the length of the tube, will, when it gets into the inſide of the 
globe, expand itſelf in all directions, entirely filling it with a 
violet and purple light, and exhibiting a — inſtance of the 
* WP of the electric fluid. 


I cannot conelude this ag without acknowledging my obli- 
gations to the i ingenious Mr. Brook, of Norwich, who, by com- 
municating to me his method of boiling mercury, has been the 
chief cauſe of my ſucceſs in theſe experiments +, have lately 

learned 


* By-cementing the firing; .of a gnitrarinto one end of a thermometer tube, 2 
ſpark may be obtained as well as if the tube had been ſealed hermetically, | 

+ Mr. Brook” 8 method of making mercurial gages is nearly as follows. Let 7 
glaſs tube ; (fee fig. 2: Y, ſealed hermetically at one. end, be bent into a right- 
angle within twe of three inches of the other end. At the diſtance of about an inch. 
os tefs /fram the angle let a bulb (K), of about 3 of an inch i in diameter, be blown, 


im the curved. end, and let the re remaigder of thus park 2 the tube be drawn out (1 
70 no 


| 
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learned from him, that he has alſo aſcertained the non- conducting 
power of a perfect vacuum; but what ſteps he took for that pur- 
poſe I know not. Of his accuracy, however, Iam ſo well con- 
vinced, that had Inever made an experiment my ſelf, I ſhould,upon 
his teſtimony alone, have been equally aſſured of the fact. To 
moſt of the preceding experiments Dr. Price, Mr. Lane, an 
ſome others of my friends, have been eye-witnefles, and J be- 
lieve that they were as thoroughly ſatisfied as myſelf with the 
reſults of them. I muſt beg leave to obſerve to thoſe who wiſh 
to repeat them, that the firſt experiment requires ſome nĩcety, 
and no inconſiderable degree of labour and patience. I have 
boiled many gages for ſeveral; hours together without ſucceſs, 


ſo as to be ſufficiently long to take hold of, when the mercury is boiling... The 
bulb (K) is deſigned as a receptacle for the. mercury, to prevent its boiling. over, 
and the bent figure of the tube is adapted for i its inverſion into the ciſtern ; for by 
breaking off the tube at (M) within 3 or 4 T of an inch of the angle, the open 

end of the gage may be held perpendicular to the horizon when it is: dipped into 
the mercury in the ciſtern, without obliging us to bring our finger, or any other 
ſubſtance, into contact with the mercury in the gage, which never fails to render the 
inſtrument imperfect. It is neceſſary to obſerve, that if the tube be fourteen 
or fifteen inches Tong, 1 have never been able to boil it effectually for the experi- 
ments mentioned in this paper in Tefs that three or four hours, although Mr. 3 
Brook ſeems to preſcribe: a much ſhorter time for the purpoſe ; nor will it even 

then ſucceed, unleſs the greateſt attention be, paid that no bubbles of air lurk. 
behind, which to my own mortification I have frequently found to have been the 
caſe; but experience has at length taught me to guard pretty well againſt this 
— particularly by taking care that the tube be completely. dry befare 
the mercury is put into it ; for if this caution be not obſerved, the inſtrument can 
never be made perfect. There is, howeves, one evil which I have not yet been able to 
remedy ; and that is, the introduction of air into the gage, owing to the unboiled 
mercury in the ciſtern; for when the gage has been a few times exhauſted, the mer- 
eury which originally filled it becomes med with that into which it is inverted, and 
in conſequence the vacuum is rendered es and leſs perfect, till at laſt the inſtru- 
ment is entirely ſpoiled, I have juſt conſtructed a gage ſo as to be able to boil the 
mercury in the ciſtern, but have not yet aſcertained its ſucceſs, 


and 
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and was for ſome time diſpoſed to believe the contrary of what 
I am now convinced to be the truth. Indeed, if we reaſon 
4 priori, I think we cannot ſuppoſe a perfect vacuum to be a 
perfect conductor without ſuppoſing an abſurdity: for if this 
were the caſe, either our atmoſphere muſt have long ago been 
deprived of all its electric fluid by being every where ſur- 
rounded by a boundleſs conductor, or this fluid muſt pervade 
every part of infinite ſpace, and conſequently there can be no 
ſuch thing as a perfect vacuum in the univerſe. If, on the 
contrary, the truth of the preceding experiments be admitted, 
it will follow, that the conducting power of our atmoſphere in- 
creaſes only to a certain height, beyond which this power be- 
gins to diminiſh, till at laſt it entirely vaniſnes; but in what 
part of the upper regions of the air theſe limits are placed, I 
will not preſume to determine. It would not, perhaps, have 
been difficult to have applied the reſults of ſome of theſe ex- 
periments to the explanation of meteors, which are probably 
owing to an accumulation of electricity. It is not, bowever, 
my preſent deſign to give looſe to my imagination. I am ſen- 
ſible, that by indulging it too freely, much harm is done to 
real knowledge; and therefore, that one fact in philoſophy well 
aſcertained is more to be valued than whole volumes of ſpecu- 
lative 5 ypotheſes. 
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and as for ſome time diſpoſed to believe the contrary of what 
am now convinced to be the truth. Indeed, if we reaſon 
4 priori, I think we cannot ſuppoſe a perfect vacuum to be a 
perfect conductor without ſuppoſing an abſurdity : for if this 
were the caſe, either our atmoſphere muſt have long ago been 
deprived of all its electric fluid by being every where ſur- 
rounded by a boundleſs conductor, or this fluid muſt pervade 
every part of infinite ſpace, and conſequently there can be no 
ſuch thing as a perfect vacuum in the univerſe. If, on the 
contrary, the truth of the preceding experiments be admitted, 
it will: follow, that the conducting power of our atmoſphere in- 
creaſes only to a certain height, beyond which this power be- 
gins to diminiſh, till at laſt it entirely vaniſnes; but in what 
part of the upper regions of the air theſe limits are placed, I 
will not preſume to determine. It would not, perhaps, have 
been difficult to have applied the reſults of ſome of theſe ex- 
periments to the explanation of meteors, which are probably 
owing to an accumulation of electricity. It is not, however, 
my preſent defign to give looſe to my imagination. I am ſen- 
ſible, that by indulging it too freely, much harm is done to 
real knowledge; and therefore, that one fact in philoſophy well 
aſcertained is more to be valued than whole volumes of ſpecu- 
lative hypotheſes. 
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XV. ———— and Obſervations relating to Air and Water. 
By the Rev. Joleph Prieſtley, LL. D. F. R. §. 


8 Read February 24, 1785. 


VER ſince the diſcovery of the diminution of reſpirable 


E 


it has been a great object with philoſophers to find what be- 
comes of the air which diſappears in them. Among others, I 
have made and publiſhed a variety of experiments with that 


ledge of the principles, or conſtituent parts, of natural ſub- 


ſatis faction with reſpe& to the immediate object of my re- 


with more advantage; by which means J have been led both to 
confirm their concluſions, and, by diverſifying the experi- 
ments, to throw conſiderable light upon various other chemical 
proceſſes. The reſult of theſe obſervations I ſhall lay before 
the Society, with as much brevity and diſtinctneſs as I can. 

In the experiments of which I ſhall now give an account, 
| was principally guided by a view to the opinions which have 
lately been advanced by Mr. CAVENDIsH, Mr. WATT, and 
M. Lavorisies. Mr. CAvENPDISEH was of opinion, that When 


air is decompoſed, water only is produced; and Mr. Warr 
concluded 


air in thoſe proceſſes which are generally called phlogiſtic, 


view; but though by this means ſome farther progreſs was 
made in the philoſophy of air, and conſequently our know- 


ſtances was extended, I did not by any means ſucceed to my 


ſearches. Others, however, were more ſucceſsful, and their 
ſucceſs has at length enabled me to reſume my experiments. 
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concluded from ſome experiments, of which I gave an account 
to the Society, and alſo from ſome obſervations of his own, 
that water conſiſts of dephlogiſticated and inflammable air, 
in which Mr. Cavenpisy and M. LAvOISIER concur with 
him; but Mr. LAvofsiER is well known to maintain, that 
there is no ſuch thing as what has been called phiagiſton, affirm. 
ing inflammable air to be nothing elſe but one of the elements 
or conftituent parts of water. In the following experiments [ 
alſo had a particular view to a concluſion which I had drawn 
from thoſe experiments, of which an account 15 given in my 
laſt communications to the Royal Society ; viz, that inflam- 
mable air is pure phlogiſton in the form of air, at leaſt with 


the element of Heat; and that fixed air conſiſts of dephlogiſti- 


cated and inflammable air; both which doctrines had been firſt 
advanced by Mr. KIR WAN, before I had made the — 
which I then thought clearly proved them. ED 
Such were the hypotheſes to which I had a view when ! 
began the following courſe of experiments, which I hope wil 
be an admonition to myſelf, as well as to others, to adhere 2 
rigorouſly as poſſible to actual obſervations, and to be extremely 
careful not to overlook any circumſtance that may poſſibly con- 
tribute to any particular reſult. I ſhall have occaſion to notice 
my own miſtakes with reſpe& to conc/ufions, though all the 
fads were ſtrictly as I have repreſented them. But whilſt phi- 
loſophers are faithful narrators of what they obſerve, no perſon 
can juſtly complain of being miſled by them; for to reaſon 
from the facts with which they are ſupplied is no more the 
province of the perſon who diſcovers them, than of him to 
whom they are diſcovered. 
One of the moſt ſimple of all phlogiſtic proceſſes is that in 
which metals are ignited in . air. I therefore 
3 bern 


gan 


began with this, with a view to aſcertain whether any water 
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is produced when the air is made to diſappear in it. Accord- 
ingly, into a glaſs veſſel containing 7 ounce meaſures of pretty 
pure dephlogiſticated air, I introduced a quantity of iron turn- 
ings (which is iron in ſmall thin pieces, exceedingly conve- 
nient for theſe and many other experiments) having previouſly 
made them, together with the veſſel, the air, and the mercury 
by which it was confined, as dry as I poſſibly could Alfo, to 
prevent the air from imbibing any moiſture, I received it imme- 
diately in the veſſel in which the experiment was made, from 
the proceſs of procuring it from red precipitate ; ſo that it had 
never been in contact with any water. 

I then fired the iron, by means of a burning lens, and pre- 
ſently reduced the 7 ounce meaſures of air to. 65; but I found no 
more water after this proceſs than I imagined it had not been 
poſſible for me to exclude, as it bore no proportion to the air 
which had diſappeared. Examining the reſiduum of the air, I 
found one-fifth of it to be fixed air, and when I tried the purity 


of that which remained by the teſt of nitrous air, it did not 


appear that any phlogiſticated air had been produced in the pro- 


ceſs: for though it was more impure than I ſuppoſe the air 


with which I began the experiment muſt have been, 1t was not 
more ſo than the phlogiſticated air of the 7 ounce meaſures, 
which had not been affected by the proceſs, and which muſt 


have been contained in the reſiduum, would neceflarily make 


it. In this caſe one meaſure of this reſiduum and two of ni- 


trous air occupied the ſpace of .32. 
In another experiment of this kind, ten ounce meaſures of 


dephlogiſticated air were reduced to .8, and by waſhing in lime 
water to .38. In another experiment, in which 74 ounce mea- 


lures of dephlogiſticated air were reduced to half an ounce 


VoL. LXXV. Oo meaſure, 


* = a . 

— ——_—_ 6 | 2 4 l *s N ” a 8 w A 
n — - — _ - 4 — 

8 2 #1 — 6 D £ — - = 


þ a 
——— 
» ww ot — 3 1 
ln FH - » 


-. 
* — — — 


— — 


— 


r tds + 


132 Dr. ParesTLEyY's Experiments and Obſervations 


Meaſure, of. which one- fifth was fixed air, the reſiduum was 
quite as pure as the air: with which I began the experiment, the 
teſt with nitrous ait, in the proportions. above-mentioned, 
giving. 4 in both caſes. To what circumſtance: the: difference 
might be owing I cannot tell. 
In theſe experiments the fed air muſt, I preſume, hive been. 
formed by the union of the phlagiſton from the iron and the 
dephlogiſticated air in which it was ignited ; but the quantity 
af it was very ſmalyn proportion to the air which had diſap- 
peared, and at that time Thad ns ſuſpieion that the iron, which. 
had been. melted; and gathered ĩuto round balls, could have 
imbibed it; a melting heat having been ſufficient, as I had 
imagined/ to. expel every thing that was capable of aſſuming 
the form of ain from anv.iſubſtance whatevers I was therefore 
iptirely at: a loſs about what muſt have become of the air. 
Semſible, however, that ſuch a quantity of air. muſt have 
been imbibed by ſomething to which it; muſtihave given a very 
perceivable addition of weight, and ſeeing: nothing elſe that 
eould have imbibed itz it occurred to me to weigh the calx into 
which the iron had been reduced; and I preſently, found, that 
the dephlogiſticated air had actually been imhihed by the melted. 
iron, in the ſame. manner as inflammable air, in my former 
experiments, had been4mbibed by the melted caloes of metals, 
however-impoſitble ſuch. an abſorption. .might have appeared to 
me a priori. In the firſt inſtance, about twelve ounce. mea- 
ſures of. dephlogiſticated air had diſappeared, and the iron had 
gained ſix grains in weight. Repeating the experiment very 
frequently, I always found, that other quantities of iron, 
treated in the ſama manner, gained. ſimilar additions of weight, 
which was always very _ that of. the. air. which: had. * 


| appeared. 


This 


This calx-of iron, I then concluded, was by no means what 
1 had before taken it to be, viz. a pure calæ or flag, but either 
the calx, or the iron itſelf, ſaturated with pure air. This cal- 
ciform ſubſt#nce 1 found, by various experiments, to be the 
fame thing with the ſcales that fly from iron when it is made 
red-het, or the {ſubſtance into which it runs in a very intente 
heat, in an open fire. 

Conclutling from the preceding experiment, that iron, ſuffi- 
ciently heated, was capable of ſaturating itſelf with pure air, 
extracted from the maſs of the atmoſphere, I-then proceeded to 
melt it with the heat of a burning lens in the open air; and 1 
preſently found, that perfect iron was eafily fuſed in this way, 
and continued in this fuſion a certain time, exhibiting the ap- 
pearance of boiling or throwing out air, whereas it was on the 
contrary inibibing air; and when it was ſaturated the fuſion 
ceaſed, and the heat of my lens could not make any farther 
impreſſion upon it. When this was the caſe, I always found 
that it had gained weight in · the proportion of 74 to 24, which 
is very nearly one - third of its original weight. The ſame was 
the effect when .F melted fee/ in the fame circumſtances, and 
alſo every kind of iron o which the experimerit could be tried. 
But I have Jome reaſon to think, that with a greater degree of 
heat than T:eould apply, the iron might have been kept in a 
ſtate of fuſion fornewhat longer, and by that means have im- 
bibed more air, even more than one-third of its original 
weight. 
There was a peculiar-circumſtance attending the melting of 
caſt ron with a burning lens, which made it impoſſible to aſcer- 
tain the addition that was made to its weight, and it the ſame 
time afforded an amazing ſpectacle; for the moment that any 
quantity oft was melted, and gathered into a round ball, it began 
Qo2 to 
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to diſperſe in a thouſand directions, exhibiting the appearance of 


a moſt beautiful fire-work, ſome of the particles flying to the 


diſtance of half a yard from the place of fuſion; and the whole 
was attended with a conſiderable hiſſing noiſe. Some of the 
largeſt pieces which had been diſperſed in this manner 1 was 
able to collect, and having ſubjected them to the heat of the 


lens, they exhibited the ſame appearance as the larger maſs from 


whieh they had been ſcattered. 

When I melted this caſt iron in the bottom of a deep glafs 
receiver, in order to collect all the particles that were diſperſed, 
they firmly adhered to the glaſs, melting it ſuperficially, 
though without making it crack, ſo that it was ſtill impoſſible 
to collect and weigh the particles. However, I generally 
found that, notwithſtanding the copious! diſperfion, what re- 
mained after the experiment rather exceeded than fell ſhort of 
the original weight of the iron. Sometimes a piece of com- 
mon iron, and eſpecially ſteel, Would make a little hiſſing in 
the fuſion, and a particle or two would * * 5 bur 'this was 
never conſiderable . Dit” 271 ae es 

Having now procured what andi to be a new calx of 
iron, or a calx ſaturated with pure air, I endeavoured'to revive 
it by making it imbibe inflammable air, in the ſame manner 
that I had before made iron, and various other metals, by melt- 
ing them in a veſſel containing inflammable air. In this I ſuc- 
ceeded; but in the courſe of the experiment a new and very 
unexpected appearance occurred. I took a piece of iron which 


I had ſaturated with * air, and Dtn it nds a glaſs veſſel 

61 | TH, TIS I M 
On being 11 a the above-mentigned 3 Mr. Warp con- 
cluded, that the baſs of the dephlogiſticated air united | to t] the phlogiſton of the iron, 
and formed water, which was attracted by, and remained ſo firmly united to the 


n of iron, as to reſiſf the- effects of heat to ſeparate them. 117 105 | 
"6:45 containing 
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containing inflammable air, confined by water, threw upon it 
the focus of the lens, and preſently perceived the inflammable 
air to diſappear, and without thinking of any thing eſcaping 
from the calx of iron (which had been ſubjected to a greater 
heat before) I imagined that I ſhould have found the addition of 
the weight of air in the 1ron, and the reſult might be an iron 
different from the common ſort. But I found, to my ſurpriſe, 
that the iron, which had exhibited no new appearance in this 
mode of treatment, had loſt weight, inſtead of gaining any. 
The piece of iron on which I made this firſt experiment weighed 
111 grains, and 7 ounce meaſures of inflammable air had diſ- 
appeared while the iron had loſt 24 grains. 

Conſidering the quantity of inflammable air that wad diſap- 
peared, v/z. 74 ounce meaſures, and the dephlogiſticated air 
which had been expelled from the iron, vis. 24 grains, which 
15 equal to about 4.1 ounce. meaſures, I found that they were 
very. nearly in the proper proportion to ſaturate each other, 
when decompoſed by the electrical ſpark, viz. two meaſures of 
flammable air to one of dephlogiſticated air. I therefore. had 
now no doubt but that the two kinds of air had united, and 
had formed either fixed air or water ; but which it was I could 
not tell, having had water on the receiver in which the experi- 
ment was made, and having neglected to examine the ſtate of 
the air that remained, except in a general way, by which I 
found, that it was ſtill, to appearance, as inflammable as ever. 

With a view to determine whether fixed air, or water, would 
be the produce of this mode of combining inflammable and 
dephlogiſticated air, I repeated the experiment in a veflel in 
which the infammable air was confined by mercury, and both 
the veſſel and the mercury had been previouſly made as, dry as 
poſſible, I had no ſooner beg un to heat the iron, or rather Lag, 
55 0 in 


236 Dr. ParresTLEY's Experiments and Obſervations 

in theſe circumſtances, than I perceived the air to diminiſn, ang 
at the ſame time the inſide of the veſſel to grow very cloudy, 
with particles of dew, that covered almoſt the whole of it. 
'Theſe-particles by degrees gathered into drops, and ran down the 
Hdes-of the veſſel in all places, except where it was heated by 
the ſun-beams; ſo that it then appeared to me very evident. 
that water. with or without fixed air, was the produce of the 
inflammable air, and. the pure air let looſe from the iron in this 
mode of operation; though afterwards I was taught by Mr. 
Warr to correct this hypotheſis, and to account for this reſult 
in a different manner. When 1 had examined the remaining 
air, it was as inflammable as ever, without containing any 
mixture of frxed air at all. 

When I collected the water which was produced. in this ex- 
-periment by means of a piece of fikering paper, carefully in- 
troduced to abſorb it, I found.it to be, as nearly as poſſible, of 
the ſame weight with that which had been loſt by the iron: 
and alſo, in every experiment of this kind, in which I attended 
to this circumſtance, I found that the quantity of inflammable 
air which had diſappeared was about double to that of the. de- 
phlogiſticated air ſet looſe from the iron, fuppoſing.that weight 
to have been reduced into air. Thus at one-time.I-made a piece 
of this ſlag imbibe.54-ounce meaſures-of:jnflammable air, while 
it loſt as much as the weight: of about 3-ounce meaſures of de- 
phlogiſticated air, and the Water collected weighed 2 grains. 
Another time a piece of ſlag loſt 1.5 grains, and the water 
producetd was 1. 7, grains; but perfect accuracy is not to be ex- 
pected. H ſhall, only mention one more experiment of this 
kind, in which 61 ounce meaſures of inflammable air were 
reduced to. 92 ounce meaſure, and the iron had loſt 2 grains, 
equal in weight to 3.3 ounce meaſures of dephlogiſticated air. 

In 
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n all the above-mentioned experiments, the inflammable air 
was that which 1s produced by the ſolution of iron in acids. 

As before I had. finiſhed this courſe of experiments I had 
fatisfied myſelf that inflammable air always contains a portion 
of water; and: alſo, that when it has been ſome time confined 
by water, it imbibes more, ſo as to. be increafed in its ſpecific 
gravity by that means, Irepeated the experiment with inflam-- 
mable ar which had not been conſmed by» water, but which was 
received in a veflel of dæy mercury from the. veſtel in which it 
was generated j: but I. preſently perceived that” water was pro- 
daced in this caſe alſo, and to appearance as copiouſly as in the 
former experiment ludeed, the quantity of water produced, 
which ſo greatly exceeded: the weight of all the inflammable 
air, is ſufficient to prove that it muſt have had ſome other 
ſouree than any conſtituent part of that air, or the whole of it, 
together with the water contained in it, without taking into 
conſideration the correſponding: loſs of weight in the iron. 

I muſthere obſerve; that the · iron flag which. Thad treated in 
this manner, and which had thereby loſt the weight which 
id had acquired by. melting in dephlogiſticated air, became per- 
fall iron as at firſt; and was- then capable of being melted by 
the burning lens again 3 ſo that the ſame piece: of iron would 
ſerve for theſe experiments as-long as the operator ſhould chuſe. 
I6 was evident, therefore, that if the iron had loſt its phlo- 
giſton in the preceding fuſion, it had acquired it again from the 
inflammable air which it had abſorbed ; and Ido not fee how the 
experiment can be-accounted-for in any otiftr way, which ne- 
ceflarihy.implies the reality of phlogiſton as a conſtituent prin- 
ciple in bodies. This, at leaſt, is the moſt natural way ol , 


accounting for: the appearances. 
- | Having 
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Having had this ſucceſs with the calx, or ſcales of iron, 1 
tried the calx of copper, or thoſe ſcales which fly from it when 
it is made red-hot; and I found water produced in the inflam. 
mable air in the ſame manner as when I uſed the ſcales of iron 
in the ſame circumſtances. I alſo had the ſame reſult when ! 
revived precipitate per ſe in inflammable air; but having at that 
time a very weak winter's ſun, I could not make the experi- 
ment with ſo much advantage as I could have wiſhed. 

Iron, I found, acquired this additional weight by melting 
in an earthen retort, as well as in the open air by the ſun. 
beams, if it were poſſible for it to attract air, or whatever elſe 
it is that is the immediate cauſe of its additional weight. 
Three ounces of common iron filings, expoſed to a ſtrong heat 
in an earthen retort, gained 11 dwts, or 264 grains, and yet 
was very far from having been completely fuſed. Having a 
glaſs tube communicating with the retort, in order to collect 
any air that the iron filings might give out, I found that when 
they were very hot, the water aſcended within the tube ; which 
ſhews that the iron was then in a ſtate of abſorbing, and not 
of giving out any air. 

Seeing ſo much water produced in theſe experiments with 
inflammable air, I was particularly led to reflect on the relation 
which they bore to each other, and eſpecially to Mr. CAvxx- 
DISH's ideas on the ſubject. He had told me that, notwith- 
ſtanding the experiments of which I had given an account to 
the Royal Society, and from which I had concluded that in- | 
flammable air was pure phlogiſton, he was perſuaded that water 
was effential to the production of it, and even entered into it 
as a conſtituent principle. At that time I did not perceive the 
force of the arguments which he ſtated to me, eſpecially as, in 


the experiments with charcoal, I totally diſperſed any quantity 
of 
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of it with a burning lens in vacus, and thereby filled m 
receiver with nothing but inflammable air. I had no ſuſpicion 
that the wet leather on which my receiver. ſtood could have 
any influence in the caſe, while the piece of charcoal was ſub- 
ject to the intenſe heat of the lens, and placed ſeveral inches 
above the leather. I had alſo procured inflammable air from 
charcoal in a glazed earthen retort two whole days ſucceſſively, 
in which it had given inflammable air without intermiſſion. 
Alſo iron filings in a gun- barrel, and a gun- barrel itſelf, had 
always given inflammable air whenever J tried the experiment. 
Theſe circumſtances, however, deceived me, and perhaps 
would have deceived any other perſon; for I did not know, 
and could not have believed, the powerful attraction that char- 
coal, or iron, appear to have for water when they are intenſely 
hot. They will find, and attract it, in the midſt of the hotteſt 
fire, and through any pores that may be left open in a retort ; 
and iron filings are ſeldom ſo dry as not to have moiſture 
enough adhering to them, capable of enabling them to give a 
conſiderable quantity of inflammable air. But my attention 
being now fully awake. to the ſubject, I preſently found that 
the circumſtances above-mentioned had actually miſled me; I 
mean with reſpect to the concluſion which I drew from the expe- 
riments, and not with reſpect to the experiments themſelves, 
every one of which, I doubt not, will be found to anſwer, 
whenever they are tried by perſons of ſufficient ſkill and pro- 
perly attentive to all the circumſtances. 
Being thus appriſed of the influence of unperceived moiſture | 
in the production of inflammable air, and willing to aſcertain it 
to my perfect ſatisfaction, I began with filling a gun- barrel with 
iron filings in their common ſtate, without taking any parti- 
cular precaution to dry them, and I found that they gave air as 
Vor. LXXV. 1 a they 
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they had been uſed t do, and continued to do ſo many hours; 
even got ten ounce meaſures of inflammable air from two 
ounces of iron filings in a coated glaſs retort, At length, how. 
ever, the production of inflammable air from the gun-bartel 
ceaſed; but on putting water into it, the air was produced 
again, and a few repetitions of the experiment fully fatisfied 
me that I had been too precipitate in OY that inflam- 
mable air is pure phlogiſton. | 
I then repeated the experiment with the charcoal, making 
the receiver, the ſtand on which T placed the charcoal, and the 
charcoal itſelf; as dry and as hot as pofſible, and uſing cement 
inſtead of a wet leather to exclude the air. In theſe circum- 
ftances I was not able, with the advantage of a good ſun, and 
an excellent burning lens, to decompoſe quite ſo much as two 
grains of the piece of charcoal, which gave me ten ounce mea- 
fires of inflammable air; and this, I imagine, was effected by 
means of ſo much moiſture as was depoſited from the air in its 
ſtate of rarefaction, and before it could be drawn from the 
receiver. To the production of this kind of inflammable air! 
was therefore now convinced, that water is as neceſſary a as to 
chat from iron. aa 
It was in this ſtate of my experiments that T received an au- 
thentic account of thoſe of M. La volsIER, on tranſmitting water 
through an hot iron tube and alſo through a hot copper tube 
containing charcoal, and thereby procuring large quantities of 
flammable air, M. Lavoisres himſelf having been ſo obliging 
as to ſend me a copy of his Memoir on. that ſubject. I had 
* an account of the experiments ſome months before; but 
it was ſo imperfect a one, that I own I paid little attention to 


them. At this time, however, I was prepared to be ſufficiently 
lenfible of. their value. 


In 


nt 
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In my laſt communications to the Royal Society, it will be 


{cen that I had tranſmitted the vapour of ſeveral fluid ſub- 


ſtances through red-hot earthen tubes, and thereby procured 


different kinds of air. M. LAvelsiER adopted the ſame pro- 


ceſs, but uſed an iron tube; and by means of that circumſtance 
made a very valuable diſcovery which had eſcaped me. I had 
indeed on one occaſion made ufe of an iron tube, and tranſmit- 
ted ſteam through it ; but not having at that time'any view to 
the production of air, I did not collect it at all, contenting 
myſelf with obſerving that water, after being made red-hot, 
was ſtill water, there being no change in its ſenſible properties. 
Being now farther inſtructed by the experiment of M. La- 
voISIER, I was determined to repeat the proceſs with all the 
attention I could give to it; but I ſhould not have done this 
with ſo much advantage, if I had not had the aſſiſtance of Mr 
Warr, who always thought that M. Lavoistes's experi- 
ments by no means favoured the concluſion that he drew from 
them. As to myſelf, I was a long time of opinion that his 
concluſion was juft, and that the inflammable air was really 
furniſhed by the water being decompoſed in the proceſs. But 
though I continued to be of this opinion for ſome time, the 
frequent repetition of the experiments, with the light which | 
Mr. Warr's obſervations threw upon them, ſatisfied me at 


length that the inflammable air came principally from the char- 


coal, or the iron. 

I ſhall firſt relate the reſult of the experiment that was made 
with charcoal, and then thoſe with iron and other ſubſtanees, in 
contact with which (when they were in a ſtate of fuſion, or at 
leaſt red-hot) I made ſteam, vr the vapour of other liquid ſub- 
ſtances, to paſs. I ſhall only obſerve that, previous to this, I 
began to make the experiments with. coated glaſs tubes, Which 
P p I found 
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1 found to anſwer very well during the proceſs, though they 
never failed to break in cooling. At length I procured a tube 
of copper, on which, as M. Lavoistr diſcovered, ſteam had 
no effect; and at laſt I made uſe of earthen tubes, with which 
Mr. Wepctwoop, that moſt generous promoter of ſcience, 
liberally ſupplied me for the purpoſe ; and theſe glazed on the 
outſide only I find far preferable to copper. They are, indeed, 
every thing that I could with for in experiments of this kind; 
the reaſon of which will appear in my account of another courſe 
of experiments, which I 8 to lay before the Society in due 
time. | 

The diſpoſition of the apparatus, with which theſe experi- 
ments were made, was as follows. The water was made to boil 
in a glaſs retort, which communicated with the copper or 
earthen tube which contained the charcoal or iron, &c. and 
which, being placed in an horizontal poſition, was ſurrounded 
with hot coals. The end of this tube oppoſite to the retort 
communicated with the pipe of a common worm tub, ſuch as 
is generally uſed in diſtillations, by means of which all the 
ſuperfluous ſteam was condenſed, and collected in a proper re- 
ceptacle, while the air which had been produced, and had 


come along with it through the worm tub, was tranſmitted | 


into a trough of water, where proper veſſels were placed to 


receive it, and aſcertain the quantity of it; after which J 
could examine the quality of it at leiſure. 

In the experiment with charcoal, J found unexpected diffi- 
culties, and conſiderable variations in the reſult ; the proportion 
between the charcoal and water expended, and alſo between each 


ofth em and the air produced, not being ſo nearly the ſame 


as I imagined they would have been. Alſo the quantity of 
fixed air that was mixed with the inflammable air varied very 
much 
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much. This laſt circumſtance, however, ſome of my experi- 
ments may ſerve to explain. Whenever I had no more water 
than was ſufficient for the production of the air, there was 
never any ſenſible quantity of uncombined fixed air mixed with 
the inflammable air from charcoal. This was particularly the 
caſe when I produced the air by means of a burning lens in an 
exhauſted receiver, and alſo in an earthen retort with the appli- 
cation of an intenſe heat. I therefore preſume, that when the 
ſteam tranſmitted through the hot tube contaming the charcoal 
was very copious, the fixed air in the produce was greater than 
it would otherwiſe have been. The extremes that I have ob- 
ſerved in the proportion of the fixed to the inflammable air have 
been from one-twelfth to one-fifth of the whole. As I gene- 
rally produced this air, the latter was the uſual proportion; and 
this was excluſive of the fixed air that was intimately combined 
with the inflammable air, and which could not be ſeparated 
from it except by decompoſition with dephlogiſticated air; and 
this combined fixed air I ſometimes found to be one-third of the 
whole maſs, though at other times not quite ſo much. 

To aſcertain this, I mixed one meaſure of this inflammable 
air from charcoal (after the uncombined fixed air had been ſepa- 
rated from it by lime-water) with one meaſure of dephlogiſti- 
cated air, and then fired them by the electric ſpark. After this 
I always found that the air which remained made lime-water- 
very turbid, and the proportion in which it was now dimi- 
niſhed, by waſhing in lime - water, ſhewed the quantity of 
fixed air that had been combined with the inflammable. That 
the fixed air is not generated in this proceſs, is evident from 
there being no fixed air found after the exploſion of dephlogiſti- 
cated air and inflammable air from iron. 


Notwith- 


294 Dr. PaixsrIxx's Experiments and Obſervations 

Notwithſtanding the above-mentioned variations, the loſs of 
weight in the charcoal was always much exceeded by the weight 
of the water expended, which was generally more than double 
of the charcoal; and this water was intimately combined with 
the air; for when TI received a portion of it in mercury, no 
water was ever depoſited from 1t. 

The experiment which, upon the whole, gave me the moſt - 
fatisfattion, and the particulars of which I ſhall therefore re- 
cite, was the following. Expending 94 grains of perfe& 
charcoal (by which I mean charcoal made with a very ſtrong 
heat, ſo as to expel all fixed air from it) and 240 grains of 
water, I procured 840 ounce meaſures of air, one-fifth of 
which was fixed air, and of the inflammable part nearly one- 
third more appeared to be fixed air by decompoſition. 

Receiving this kind of air in a variety of experiments, but 
not in the preceding ones in particular (for then I could not 
have aſcertained the quantity of it) conſiſting of fixed and in- 
flammable air together, I found ſome variations in its ſpecific 
gravity, owing, I imagine, to the different proportions of 
fixed air contained in it; but upon the whole, I think, that the 
proportion of 14 grains to 40 ounce meaſures is pretty near the 
truth, when the proportion of fixed air is about one-fifth of the 
whole. With reſpe& to the weight of the inflammable air after 
the fixed air was ſeparated from it, I found no great difference, 
and think it may be eſtimated at 8 grains to 30 ounce meaſures. 


Upon theſe principles, the whole weight of the 840 ounce 
meaſures of air will be — 294 grains 


that of the charcoal will be 94 
that of the water „ 


334 which, conſidering the na- 
7 ture 
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ture of the experiment, will perhaps be thought to be tolerably 
pear that of the air. 

If the air be analyzed, the 840 ounce meaſures will be 
found to contain 168 of uncombined fixed air= 151 grains. 
and ht nl impure imflammable =179 


f 


fo that the whaha "= will weigh „ 330 
Laſtly, if the 672 ounce meaſures of impure inflammable 
air be decompoſed, it will be found to contain 
164 ounce meaſures of fixed air = I47. 6 grs. 
and 508 inflammable '= = 30.7 


fo. that the whole 672 will weigh = 18.3 
which is very near to 179, the weight of the whole together. 
It may, however, be ſafely concluded from this experiment, 


and indeed from every other that T made with charcoal, that 
there was no more pure inflammable air produced than the 


charcoal itſelf may be very well ſuppoſed to have ſupplied. 
There 1s, therefore, no- reaſon for deſerting the old eftabliſhed. 
hypotheſis of phlog Non on account of theſe experiments, ſince 
the fact is by no means inconſiſtent with it. The pure inflam- 
mable air with the water neceſſarily contained in it would 
weigh no more tban about 30 grains, while the loſs of weight 
in the charcoal was 94 grains. But to this muſt be added the 
phlogiſton contained in 392 ounce meaſures of fixed air, 
which, according to Mr. Kixwan's proportion, will be nearly 
65 grains, and this and the 30 grains will be 95 grains. 
The baſis to this fixed air, as well as to the inflammable, 
muſt have been furniſhed by the water; and from this it may 


be concluded, that the water muſt have been ſo. far altered as- 


to be changed 1 into fixed air, which will be thought not to be 
any great paradox, if it be conſidered that, according to the 


"lateſt 
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one-third and one-half more than can be procured from iron by 


lateſt diſcoveries, fixed air and water appear to conſiſt of the 
ſame ingredients, namely dephlogiſticated and inflammable air. 
However, in this change of the water we cannot be abſolutely 
ſure that the ſame proportion of the ingredients i 18 contained, and 
therefore it cannot be abſolutely determined whether the inflam- 
mable air which it contains enters wholly into the fixed air, or 
not. Farther experiments, or a careful compariſon of theſe ex- 
periments with thoſe made by Mr. Kirwan and others, may 
perhaps throw ſome light upon this ſubject. Whether the com- 


| bined fixed air comes wholly from the charcoal, or whether the 


charcoal only ſapplies the phlogiſton, and the water its baſis, 
that is, the dephlogiſticated air, deſerves to be inveſtigated. 
Before I conclude my aceount of the experiments with char- 
coal, I would obſerve, that there is another in which I Place 
lome dependance, in which, with the loſs of 178 grains of 
charcoal, and 528 grains of water, I procured 1410 ounce 
meaſures of air, of which the laſt portion (for I did not exa- 
mine the reſt) contained one-ſixth part of uncombined fixed 
air. This was made in an earthen tube glazed on the outſide. 
The experiments with iron were more ſatisfactory than thoſè 
with charcoal, being ſubje& to leſs variation; and it is ſtill 
more evident from them, that the inflammable air does not 
come from the water, but only from the iron, as the quantity 
of water expended, added to the weight of the air produced, 
was as nearly as could be expected in experiments of this kind, 
found in the addition of weight gained by the iron. And 
though the inflammable air procured in this proceſs is between 


a ſolution in acids, the reaſon may be, that much phlogiſton 
is retained in the ſolutions, and therefore much more may be 
expelled from iron, when pure water, without any acid, takes 
the place of it. I would further obſerve, that the produce of 


air, 
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air, and alfo the addition of weight gained by the iron, are 
much more eaſily aſcertained in theſe experiments than the 
quantity of water expended in them, on account of the great 
length of the veſſels uſed iu the proceſs, and the different quan- 
tities that may perhaps be retained in the worm of the tub, 
though I did not fail to uſe all the precautions that I could think 
of to guard againſt any variation-on theſe accounts. 

Of the many experiments which I made with iron, I ſhall 
content myſelf with reciting the following reſults. With the 
addition of 267 grains to a quantity of iron, and the loſs of 
336 grains of water, I procured 840 ounce meaſures of in- 
flammable air; and with the addition of 440 grains to another 
quantity of iron, and the conſumption of 253 grains of water, 
I got 420 ounce meaſures of air“. 

The inflammable air produced in this manner is of the 
lighteſt kind, and free from that very offenfive ſmell which is 
generally occaſioned by the rapid ſolution of metals in oil of 
vitriol, and it is extricated in as little time in this way as it is 
poſſible to do it by any mode of ſolution. On this account it 
occurred to me, that it muſt be by much the cheapeſt method 
that has yet been uſed of filling balloons with the lighteſt inflam- 
mable air. For this purpoſe it will be proper to make uſe of 
caſt-iron cylinders of a conſiderable length, and about three or 
four inches, or perhaps more, in diameter. Though the iron 
tube itſelf will contribute to the production of air, and there- 
fore may become unfit for the purpoſe in time; yet, for any 


* If the perfect accuracy of the former of theſe experiments may be depended 
on (and it may always be preſumed, that thoſe in which Uttle water is expended 
are preferable to thoſe in which more is conſumed) the water that neceſſarily enters 
into this kind of inflammable air is about equal in weight to the phlegifion that 15 
in it. But F propoſe to give more. particular attention to this ſubject. 
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thing that I know to the contrary, the ſame tube may .ſerye 
for a very great number of proceſſes, and perhaps the change 
made in the inſide ſurface may protect it from any farther action 
of the water, if the tube be of ſufficient thickneſs 3 but this 
can only be determined by experiment. 

Some eſtimate of what may be expected from this method of 
procuring inffammable air may be formed from the following 
obſervations. About twelve inches in length of a copper tube, 
three- fourths of an inch in diameter, filled with iron turning 
(which are more convenient for this purpoſe than iron filings, as 
they do not lie ſo loſe, but admit the ſteam to paſs through 
their interſtices) when it was heated, and a ſufficient quantity of 
Ream paſſed through it, yielded thirty ounce meaſures of air in 
fifty ſeconds ; and eighteen inches of another copper tube, an 
inch and a quarter in diameter, filed and. treated in the ſame 
manner, gave two hundred ounce meaſures in one minute and 
twenty- five ſeconds; ſo that this larger tube gave air in pro- 
portion to its ſolid contents compared with the ſmaller; but to 
what extent this might be depended upon I cannot tell. How- 
ever, as the heat penetrates ſo readily to ſome diſtance, the rate 
of giving air will always be in a greater proportion than that of 
the ſimple diameter of the tube. 

The following experiment was made with a view to aſcertain 
the quantity of inflammable air that may be procured in this 
way from any given quantity of iron. Two ounces of iron, 
or 960. grains, when. diflolved in acids, will yield about 800 
ounce meaſures of air; but treated in this manner it yielded 
1054 ounce meaſures, and then the iron had gained 329 grains 
in weight, which is little ſhort of one-third of the weight of 
the iron. 


C onſidering 


this 
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800 
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ting 


I ſhall endeavour to explain theſe proceties i in the flowing 
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Conſidering how little this inflammable air weighs, ws. the 


whole 1054 ounce meaſures not more than 63 grains, and the 
difficulty of. aſcertaining the loſs of water to ſo ſmall a quan- 


tity as this, it is not poſſible to determine, from a proceſs of 


this kind, how much water enters into the compoſition of the 
inflammable air of metals. It would be more eaſy to deter- 


mine this circumſtance with reſpe& to the inflammable air of 


charcoal, eſpecially by means of the experiment made with a 
burning lens ia vacuo. In this method two grains of charcoal 
gave at a medium thirteen ounce meaſures of inflammable air, 
which, in the proportion of 30 ounce meaſures to 8 grains, 
will weigh 3.3 grains; ſo that water in the compoſition of this 


mately combined with this kind of inflammable air. 


Since iron gains the ſame addition of weight by melting i in 


depblogifticated air, and alſo by the addition of water when 


red-hat, and becomes, as I have already obſerved, in all re- 
ſpects the ſame ſubſtance, it is evident, that this air of water, as 
exiſting in the iron, is the very ſame thing; and this can 
hardly be explained but upon the ſuppoſition that water conſiſts 


of two kinds of air; viz. inflammable and dephlogiſticated. 


manner. 
When iron is ni in dephlogiſticated air, we * ſuppols 


that, though part of its phlogiſton eſcapes, to enter into the 
compoſition of the ſmall quantity of fixed air which is then 
procured, yet enough remains to form water with the addition 
of dephlogiſticated air which it has imbibed, fo that this cats . 
of iron conſiſts of the intimate union of the pure earth of, ron, 


and of water; and therefore when the ſame calx, thus ſatu- 
Q q 2 rated 


kind of inflammable air is in the proportion of 1. 3 to 2, though. 
there will be ſome difficulty with reſpect to the fixed air inti- 
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rated with water, is expoſed to heat in inflammable air, this 
air enters into it, deſtroys the attraction between the water and 
the earth, and revives the iron, while the water 1s expelled in 
its proper form. 

Conſequently, in the proceſs with feam, nothing is neceſſary 
to be ſuppoſed but the entrance of the water, and the expul- 
ſion of the phlogiſton belonging to the iron, no more phlo- 
giſton remaining in it than what the water brought along with 
it, and which is retained as a conſtituent part of the water, 
or of the new compound. 

Having procured water from the ſcales of iron (which I muſt 
again obſerve is, in all reſpects, the ſame ſubſtance with iron 
melted in dephlogiſticated air, or ſaturated with ſteam by means 
of heat) and having thereby converted it into perfect iron again, 
I did not entertain a doubt but that I ſhould be able to produce 
the ſame effect by heating it with charcoal in a retort; and 1I 
had likewiſe no doubt but I ſhould be able to extract the addi- 
tional weight which the iron had gained / viz. one-third of the 
whole) in water. In the former of thefe conjectures I was 
right; but with reſpeC to the latter, I was totally miſtaken. 

Having made the ſcales of iron, and alſo the powder of 
charcoal very hot, previous to the experiment, ſo that I was 
ſatisfied that no air could be extracted from either of them ſe- 
parately by any degree of heat, and having mixed them toge- 
ther while they were hot, I put them into an earthen retort, 
glazed within and without, which was quite impervious to air. 
This I placed in a furnace, in which I could give it a very 
ſtrong heat; and connected with it proper veſſels to condenſe 
and collect the water which I expected to receive in the courſe 


of the proceſs. But, to my great ſurpriſe, not one particle 
of 
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of moiſture came over, but a prodigious quantity of air, and 
the rapidity of its production aſtoniſhed me; ſo that I had no 
doubt but that the weight of the air would have been equal to 
the loſs of weight both in the ſcales and in the charcoal; and 
when I examined the air, which I repeatedly did, I found it to 
contain one-tenth of fixed air, and the inflammable air, which 
remained when the fixed air was ſeparated from it, was of a 
very remarkable kind, being quite as heavy as common air. 
The reaſon of this was ſufficiently apparent when it was de- 
compoſed by means of dephlogiſticated air; for the greateſt 
part of it was fixed air. 

The theory of this proceſs I imagine to be, that the phlo- 
giſton from the charcoal reviving the iron, the water with 
which it had been ſaturated, being now ſet looſe, affected the 
hot charcoal as it would have done if it had been applicd to it 
in the form of feam as in the preceding experiments; and there- 
fore the air produced in theſe two different modes have a near 
reſemblance to each other, each containing fixed air, both com- 
bined and uncombined, though in different proportions ; and 
in both the caſes I found theſe proportions ſubject to variations. 
In one proceſs with charcoal and ſcales of iron, the firſt pro- 
duce contained one-fifth of uncombined fixed ajr, the middle 


the proportion of combined fixed air varied very little. 

Why air and not water ſhould be produced in this caſe, as 
well as in the preceding, when the iron is equally revived in 
both, I do not pretend perfectly to underſtand. There is, in- 
deed, an obvious difference in the circumſtances of the two 
experiments; as in that with charcoal the phlogiſton is found 


part one-tenth, and the laſt none at all. But in all theſe caſes 


in a combined ſtate; whereas in that of inflammable air, it is 


loofe, 


-_- 


= = . 
- = > * 1 a — „ * — 
- — — > — 3 * — = 
7 : , 
-” —— — — — — — — — - 
_— -- -—— — — — —— - - A - 1 — 
*, E =# — — - wa ==. 2 - "Ia i oulons. mT — ky 
. : 2 22 — \ 3 
3 I» © 21 — - . M 4 " 
* 0 


looſe, or only united to water; and perhaps future experi- 
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ments may diſcover the operation of this circumſtance. 
There is ſome analogy between the experiment of the calx 
of iron imbibing inflammable air, and the iron itſelf imbibing 
dephlogiſticated air. In the former caſe water 1s produced, and 
in the latter fixed air. However, this caſe of iron imbibing 
dephlogiſticated air more nearly reſembles the caſe of the blood. 
in the lungs imbibing the ſame kind of air, and in both the 
caſes as dephlogiſticated air 1s imbibed, fixed air 1s. formed, 
This, therefore, ſeems to be a confirmation of the concluſion 
which I drew from my former experiments on blood, vis. that 
it parts with phlogiſton in reſpiration. Only I would now 
add, that at the fame time that it parts with phlogiſton i it takes 
in dephlogiſticated air, which makes the caſe perfectly ſimilar 
to that of the experiment with iron, which likewiſe parts with 
phlogiſton to form fixed air, at the fame time that it imbibes 


dephlogiſticated air in contact with which it is fuſed. are 

I propoſe to reſerve for a future communication the conti- cur 
nuation of theſe experiments, containing an account of the ap- the 
plication of the ſame proceſs to other ſubſtances ; but it may thi: 
not be amiſs juſt to mention a few of the general reſults, and tait 
thoſe which have the neareſt connexion with the experiments ſtar 
recited above. anc 


After having tranſmitted ſteam in contact with charcoal and 
iron in a copper tube, I propoſed to do the ſame with other ſub- 
ſtances containing phlogiſton, and I began with bones, which 
were burnt black, and had been ſubjected to an intenſe heat, 
covered with ſand, in an earthen retort. From three ounces of 
bone thus prepared, and treated as I had done the charcoal, I 
got 8 30 ounce meaſures of air, with the loſs of 288 grains of 

water. The bones were by this means made perfectly white, 

2 and 


relating to Air and Water. | 303 


and had loſt 110 grains of their weight. As the air ceaſed to 
come a conſiderable time before all the water had been tranſ- 

mitted through the tube containing them, I concluded that the 
air was formed from the phlogiſton contained in the bones, and 
ſo much water as was neceflary to give it the form of air. : 

This air differs conſiderably from any other kind of inflam- 
mable air, being in ſeveral reſpects a medium between that 
from charcoal and that from iron. It contains about one-fourth 
of its bulk of uneombined fixed air, but not quite one-tenth 
intimately combined with the remainder. The water that 
came over was blue, and pretty ſtrongly alkaline, which muſt 
have been. occaſioned. by the volatile alkali not having been in- 
| tirely expelled from the bones in the former procets, and its 
having 1 in part diſſolved the copper of the tube in "wn the 
experiment was made. 

I ſubjected to the ſame proceſs a variety of ſubſtances that 
are faid not to contain phlogiſton, but I was never able to pro- 
cure inflammable air by means of them ; which ſtrengthens 
the hypotheſis of the principal element in the conſtitution of 
this air having been derived from the ſubſtance ſuppoſed to con- 
tain phlogiſton, and. therefore that phlogiſton is a. real ſub- 


and heat. 


were firmly faſtened together after the experiment, the ſurfaces 
of them being cryſtallized, and the cryſtals mixing with each 
ether, ſo that it was with great difficulty that they could be 
got out of the tube after the experiment, and in general the 


- 


ſtance, capable of aſſuming the form of air by means of water 


The experiments above-mentioned relating to iron-were made 
with that kind which is malleable; but I had the ſame reſult 
when I made uſe of ſmall nails of ca iron, except that theſe 


old parts.of the nails were broken before they were ſeparated 
from. 
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from each other. Indeed the pieces of malleable iron adhered 
together after the experiment, but by no means ſo firmly. 

Caſt iron annealed (by being kept red-hot in charcoal) is 
remarkably different from the caſt iron which has not under- 
| gone that operation, eſpecially in its being, to an extraordinary 
11 degree, more ſoluble in acids. With the turnings of annealed 
FF caſt iron I made the following experiment. From 960 grains of 
| this iron, and with the loſs of 480 grains of water, I got 870 
ounce meaſures of inflammable air, and tranſmitting ſteam 
through them a ſecond time, I got 150 ounce meaſures more, 
The iron had then gained 246 grains in weight, and the pieces 
adhered firmly together ; but being thin they were eaſily broken 
and got out of the tube, whereas it had required a long time, 
and a ſharp ſteel inſtrument, to clear the tube of the caſt-iron 
nails. 

Having got water from the ſcales of iron and of copper ſatu- 
rated with dephlogiſticated air, by heating them in inflammable 
air, it occurred to me to make the ſame experiment with preci- 
pitate per ſe, and I found, that the moment that the focus of 
the lens fell upon this ſubſtance the mercury began to revive, 
the inflammable air rapidly diſappeared, and water was formed 
on the ſides of the veſſel in which the experiment was made. For 
want of a better ſun, I could not aſcertain every circumſtance 
relating to this proceſs; but what I did ſeemed to afford a 
ſufficient proof that mercury contains phlogiſton, and that it 1s 
not revived by the mere expulſion of dephlogiſticated air, as 
M. LAvolsIER ſuppoſes; eſpecially as u fixed air was found in 
what remained of the inflammable air. In one of theſe expe- 
riments 4.5 ounce meaſures of inflammable air had diſappeared, 
and 1.6 ounce meaſure remained ; and this appeared to contain 
ſome dephlogiſticated arr mixed with the inflammable. 


4 


Willing 
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Willing to try the effect of heating iron, and other ſub- 


ſtances, in all the different kinds of air, without any particular 
expectation, I found that iron melted more readily in vitriolic 


acid air than in dephlogiſticated air, the air was diminiſhed as 
rapidly, and the inſide of the veſſel was covered with a Black 


footy matter, which, when expoſed to heat, readily ſublimed in 


the form of a white vapour, and left the glaſs quite clean. 
The iron, after the experiment, was quite brittle, and 
muſt, 1 preſume, be the fame thing with iron that is /ul- 
pburated; but I did not particularly examine it. Of fever: 
ounce meaſures of vitriolic acid air, in one of theſe experi- 
ments, not more than three-tenths of an ounce meaſure re- 
mained; of this two-thirds was fixed air, and the reſiduum 
of this was inflammable. I had put three of ſuch reſiduums 
together, in order to make the experiment with the greater 
certainty. - ; a 

Having tranſmitted eam, or the vapour of water, through 
a copper tube, I was willing to try the effects of ſpirit of wine 
through the ſame tube when red-hot, having before procured 
inflammable air by ſending the ſame vapour through a red-hot 
tobacco-pipe. In this caſe, the vapour of the ſpirit of wine 
had no ſooner entered the hot copper tube, than I was perfectly 
aſtoniſhed at the rapid production of air. It reſembled the 
blowing of a pair of bellows. But I had not uſed four ounces 
of the ſpirit of wine before I very unexpectedly found, that 
the tube was perforated' in ſeveral places ; and preſently after- 
wards it was ſo far deſtroyed, that in attempting to remove it 
trom the fire it actually fell in pieces. The inſide was full of a 
black ſooty matter reſembling lamp-black. 

Upon this I had recourſe to eartben tubes, and found, that by 
melting copper and other metals in them, and tranſmitting the 
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vapour of fpirit of wine in contact with them, different ſub. 
ſtances were formed according to the metals employed. The 
new ſubſtances -hereby formed may be ſaid to be the ſeveral 
metals ſuper- ſaturated with phlogiſton, and «may perhaps | not 
be improperly called the charcoal of metals. 

That this appellation is not very improper, may appear 100 
theſe ſubſtances yielding inflammable air very copiouſiy when 
they are made red-hot, and the ſteam of water is tranſmitted 
in contact with them, juſt as when the charcoal of wood is 
treated in the ſame manner. The detail of theſe experiments 
] reſerve for another communication, as alſo theſe of the con- 
verſion of ſpirit of wine, ether, and oil, into different kinds of 
inflammable air, by tranſmitting them, in vapour, through 
hot earthen tubes. In the mean time, I ſhall think myſelf 
happy if the communication of the preceding experiments ſhall 
give any ſatis faction to the Members of the Society. 


_ - 


POS THETA IITS 


BEFORE I cloſe this paper, I wiſh to make a few general 
mferences from the principal of the experiments above-men- 
tioned, eſpecially relating to the proportional quantity of 1 
giſton contained in iron and water. 

When any quantity of iron is melted in dephlogiſticated air, 
it imbibes the greateſt part of it, and gains an addition of 
weight very nearly equal to that of the air imbibed. Thus the 
abſorption of twelve ounce meaſures of dephlogiſticated air 
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| gave an addition of fix grains to the piece of iron which had 
deen melted in it. But there was always a quantity of fixed 
air produced in this proceſs; and on the ſuppoſition that this 
ar conſiſts of the union of - dephlogiſticated and inflammable 
air, it proves that the dephlogiſticated air which enters the 
iron expels more phlogiſton than is neceſſary to conſtitute an 
equal weight of water, ſo that water does not contain fo much 
phlogiſton as iron; but the difference is not very conſiderable. 
Admitting Mr. Kixwan's conclufion, viz. that 100 cubic 
inches of fixed air contain 8, 357 grains of phlogiſton, the.1 3 ounce 
meaſure of fixed air, which (in an experiment recited in theſe 
papers) was found in the reſiduum of ſeven ounce meaſures of 
dephlogiſticated air abſorbed by iron, would not have contained 
more than . O1 grain of phlogiſton, or about . 16 ounce mea- 
ſure of inflammable air. Then, as the abſorption of 12 
ounce meaſures of dephlogiſticated air occaſioned an addition of 
6 grains to the weight of the iron which had abſorbed it, the 
abſorption of ſever» ounce meaſures muſt have occaſioned the 
addition of 3.5 grains to the iron which had imbibed it. But 
the ſame addition of weight to iron given by-feam (which car- 
ries its own inflammable air along with it) would have expelled 
near 12: ounce. meaſures. of inflammable air: - conſequently, 
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bout ten ounce meaſures of inflammable air (or the phlogiſton 
n- vequiſite to form it) muſt, in the former experiment, have been 
o- retained in the iron, in order to compoſe the water which was 


now made by the union of the dephlogiſticated. air imbibed by 
the iron and.the phlogiſton contained in it: and therefore the 
proportion between the quantity of phlogiſton in 7707 to that 
which is contained in an equal weight of water, may-be about 
12 to 10, or more accurately to 10.4. 

Had no fixed air at all been found in the reſiduum above- 


mentioned, it might have been concluded, that Water had con- 
FX 93 tained 
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tained the very ſame proportion of phlogiſton with iron. Since 
when iron that has been ſaturated with dephlogiſticated air is 


heated in inflammable air (in which proceſs an equal weight of 


water is produced, and the loſs of weight in the iron is equal to 
that of ſuch a quantity of dephlogiſticated air as would have 
been one-half of the bulk of the inflammable air which diſap- 


pears in that proceſs) it might have been coneluded, that one- 
fifth of any quantity in water had been inflammable air. 


For, neglecting the difference between the weight of dephlo- 


giſticated and common air, which is not conſiderable, and eſti- 
mating the latter eth part of water, and inflammable air at 
one-tenth of the weight of common air, an ounce meaſure of 
dephlogiſticated air will weigh .5 grain, and two ounte mea- 
ſures of inflammable air will weigh 12 grain, Which num- 
bers are to each other as 5 to 1 *, = 
Though, in conſequence of the ſmall quantity of fad ait 
which is found in the proceſs of melting iron in dephlogiſti- 
cated air, this concluſion is not accurate, it is pretty nearly 
10; and it is remarkable that, upon this ſuppoſition, about as 
much inflammable air is expelled from iron when water is eom- 


* It appears from the proſecution of theſe experiments, that the water which 


is found on heating the ſcales of iron in inflammable air, is not formed by the 


dephlogiſticated air expelled from them uniting with the inflammable air in the 


veſſel, but was the water previouſly contained in the ſcales, which is made to quit 
its place by the introduction of the phlogiſton from the inflammable air; yet that 
water carries out with it not much lefs phlogiſton than was taken in by the iron, 
and a little more muſt be allowed for that water which was neceſſary to make 
inflammable air, and which could not enter the iron when it was revived; ſo that, 
on the whole, the phlogiſton in the water that is found after the proceſs muſt be 
very nearly the ſame quantity that is imbibed by the iron, and the water is nearly 
the ſame that would have len produced, on the ſuppoſition of its being made 
from dephlogiſticated air expelled from the ſcales uniting with the inflammable 
air in the veſſel, 
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bined with it, as the water itſelf brings along with it, as an 
eſſential ingredient in its compoſition. For in one experiment 
296 grains added to the weight of a quantity of iron by ſteam, 
made it to yield about 1000 ounce meaſures of inflammable air. 
This would weigh 60 grains, and one-fifth of the 296 grains 
of water will be 59.2 grains. Again, 267 grains added to iron 
by ſteam made it to yield 840 ounce meaſures of inflammable 
air, which would weigh 50.4 grains, and one-fifth of the 267 
would be 53.4 grains. 

When the experiments on the melting of iron in dephlo- 
giſticated air ſhall be repeated on a larger ſcale, which it will 
not be difficult to do by the help of a larger burning lens than 
I am at preſent poſſeſſed of, it will be eaſy to reduce theſe cal- 
culations to a greater certainty. All that I can do at preſent 1s 
to approximate to ſuch general concluſions as I have mentioned] 

ut they are of ſo much conſequence in philoſophy, that it 
will certainly be well worth while to aſcertain them with as 
much accuracy as poſſible. Nice calculations would be ill be- 
ſtowed on the imperfect data which I am as yet able to furniſh. 
Attention muſt alſo be given to the quantity of water contained 
in inflammable air from iron ; which not being yet aſcertained 
is not conſidered in theſe inferences. I wiſh only to hint in 
this Poſtſcript, that ſome important concluſions ſeems to be 
nearly within our reach, 
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20. for 2 *O©000000001, read 2 · 0000000 1. 
8. for to tangent, read to cotangent. 


VOI. LXXV. 


2. for unequal. read unequal; 
25. for 20“ 39“ read 20% 30 
10. for FL, 74, read FL. 74. 
10. for 167 read 1672 
15. for III. read 3. 
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Read March 17, 1785. 


' SPHERICAL body, uniformly denſe, it is obvious, 
A. will, if made to revolve freely about any axis paſſing 
through its center, continue to revolve about the ſame axis; 
and, by what I have ſhewn in the Philoſophical Tranſactions 
for the year 1777, it appears, that a cylinder of uniform den- 


ſity, whoſe length is to its radius as V3 to 1, will do the 


ſame. It likewiſe appears, by my Mathematical Memoirs, 
Vor. LXXV. _ = Bw that 
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that a cone, a conoid,-a priſm, or a pyramid, &c. of certain 
dimenſions, will have the like property of continuing, with- 
out any reſtraint, to revolve about any axis paſſing through its 
center of gravity. 

When the axis, about which a 1 may i made to 
evolve, is not a permanent one, the centrifugal force of its 
particles will diſturb its rotatory motion, ſo as to cauſe it to 
change its axis of rotation (and conſequently its poles) every 
inſtant, and endeavour to revolve about a- new one: and I can- 


not think it will be deemed an uuintereſting propoſition to de- 


termine in what track, and at what rate, the poles of ſuch 
momentary axis will be varied in any body whatever; as, 
without the knowledge to be obtained from the ſolution of 
{uch problem, we cannot be certain whether the earth, or any 
other planet, may not, from... the inertia of its own par- 
ticles, ſo change its momentary axis, that the poles thereof 
ſhall approach nearer and nearer to the preſent equator, or 
whether the evagation of the momentary poles, ariſing from 
that cauſe, will not be limited by ſome known lefler circle. 
Which certainly is an important conſideration . in aſtronomy ; 
eſpecially now that branch of ſcience is carried to great per- 
fection, and the acute aſtronomer endeavours to determine the 
motions of the heavenly bodies with the greateſt exactneſs 
poſſible. 

I do not know that the problem uy before been ſolved: by 
any mathematician in theſe kingdoms ; but I am aware that i 
has been conſidered by ſome gentlemen, very eminent for their 
mathematical knowledge, in other nations. The ſolutions of 
it, given by the celebrated M. LRONVHARD ELER and M. 
D'ALEMRBERT, I have ſeen: and we learn from what the laſt 
mentioned gentleman has ſaid, in his Opuſcules Mathematiques, 

that 
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that a ſolution of it, inveſtigated by M. Joun Al BEAT 
EULER (after a method ſimilar to his father's) obtained the 
prize given by the Academy of Sciences in the year 1761. The 
concluſions deduced by thoſe very learned gentlemen difering 
greatly from mine made me ſuſpect, for ſome tune, that I had 
ſomewhere erred in my inveſtigation, and induced me to reviſe 
my proceſs again and again with the greateſt circumſpection. 
At length my ſcrutiny has ſo removed my doubts, that, being 
well aſſured of the truth of my theory, 1 now beg leave to 
preſent it to the Royal Society ; preſuming that it will be found 
not unworthy of the notice of ſuch readers, as are curious in 
contemplating the various motions which bodies may naturally 
have, 1n conſequence of inſtantaneous or continued impulſe. 

In the Philoſophical Tranſactions referred to above, I gave a 
ſpecimen of this theory, as far as it relates to the motion of 4 
ſpheroid and a cylinder. The improvements I have ſince made 
in it, enable me now to extend it to the motion of any body 
whatever, how irregular ſoever its form may be. 

What I here infer therefrom will be found to differ very ma- 
terially from the deductions in the ſolutions given by the gen- 
tlemen above- mentioned. They repreſent the angular velocity, 
and the momentum of rotation of the revolving body, as always 
variable, when the axis about which it has a tendency to re- 
volve is a momentary one, except in a particular caſe. By my 
inveſtigation it appears, that the angular velocity and the mo- 
mentum of rotation will always be zu variable in any revolving 
body, though the axis about which it endeavours to revolve be 
continually varied; and the tracks of the varying poles upon 
the ſurface of the body are thereby determined with great 
facility. n= 


i 
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It is not only obſervable, that the tracks which the varying 
poles take, in the ſurface of any revolving body, are ſuch that 
its momentum of rotation may continue the ſame whilſt its 
angular velocity continues the ſame ; but it may be obſerved, 
that, in any given body, there is only one ſuch track which a 
momentary pole can purſue from any given point. 

If the angular velocity and the momentum of rotation of a 
revolving body were to vary according to the computations ad- 
verted to above, it would follow, that a body might acquire an 
increaſe of force from its own motion, without being any way 
affected by any other body whatever, as the ſame percuſſive 
force, applied at the ſame diſtance from the momentary axis, 
would not always deſtroy the rotatory motion of the body, 
which ſurely cannot poſſibly be true. From the principles or 
laws of motion, which I confider as undoubtedly true (and 
which indeed are no other than the common principles of me- 
chanics), I conclude that a revolving body, not affected by any 
external impulſe, can no more acquire an increafe in its mo- 
mentum of rotation, than any other body, moving freely, can 
acquire an increaſe in its momentum, or quantity of motion, in 
any given direction, without being impelled by gravity or ſome 
other force. And the truth of this concluſion (which is here- 
inafter proved by other reaſoning) may be eafily inferred from 
the property of the lever; ſeeing that the joint centrifugal 
force of the particles of the revolving body (which is the only 
diſturbing force) has no tendency to accelerate or retard their 
motion about the momentary axis, but only to alter the poſi- 
tion of ſuch axis, the direction in which that force acts being 
always 1n a plane wherein that axis will be found. 

By the theory explained in this paper, it appears that a pa- 
rallelopipedon may always be conceived of ſuch dimenſions, 

4. that 
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that being, by ſome force or forces, made to reyolve about an 
axis, paſſing through its center of gravity, with a certain an- 
gular velocity, it ſhall move exactly in the fame manner as any 
other given body will move, if made to revolve, by the ſame 
force or forces, about an axis paſſing through its center of gra- 
vity; the quantity of matter (as well as the initial angular 
velocity) being ſuppoſed the ſame in both bodies; and due re- 
gard being had, in the application of the moving force or 
forces, to the correſponding planes in the bodies. Therefore, 
as we may from thence always aſſign the dimenſions of a pa- 
rallelopipedon that ſhall be affected exactly in the ſame manner 
as any other given body will be affected, as well with regard to 
the centrifugal force of the reſpective particles or the bodies, as to 
the action of equal percuſhve forces, or oſcillation ; it will, 
after ſhewing how the dimenſions of ſuch parallelopipedon may 
be computed, be only neceſſary, in inveſtigating the propoſition 
under confideration, to determine the tracks and velocities of 
the poles of the momentary axis, about which any parallelopi- 
ſedon may be made to revolve. 
Firſt then to find ſuch parallelopipedon (P), that, with re- 
ſpect to the action of ſuch forces as are mentioned above, it 
may be affected exactly in the ſame manner as any other given 
body (Q). Let it be conſidered that G (tab. X. fig. 1.) being the 
center of gravity, N a point of ſuſpenſion, and O the correſpond- 
ing center of oſcillation or percuſſion, the rectangle GN x GO 
will be an invariable quantity, the direction NGO continuing 
the ſame; and that a cylindric ſurface being deſcribed, ſuch 
that the center of the middle circular ſection thereof ſhall be 
G, and radius =/GN x GO, and whoſe axis ſhall be perpen- 
dicular to the plane wherein the line NGO is ſuppoſed to be 
impelled to move; if all the matter in the body were placed 
any 
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any where in that ſurface, ſo that G ſhould be the center of 
gravity of the matter ſo placed, any given force or forces, acting 
on the body in the plane juſt now mentioned, would cauſe the 
line NGO in the body to move exactly in the ſame manner as it V on 
would move, if it were carried with the matter placed in the whic 
ſaid ſurface (as beſore- mentioned) after having been put in on t 
motion by the action of the ſame force or forces. Moreover, appe: 
Jet it be conſidered, that there will at leaſt be three permanent the | 


axes of rotation in the body Q, at right angles to each other augle 
(as I have proved in my Mathematical Memoirs); and that, and \ 
ſuppoſing NGO to coincide with thoſe three axes in three ſuc. MW 5 
ceſſive caſes wherein the matter in Q ſhall, in each caſe, be con- bread 
ceived to be placed in a cylindric ſurface as deſcribed above, we tent, 
may conceive it poſſible ſo to place the matter of the body, A 


that all of it ſhall be in each of thoſe three ſurfaces, and G 
{till continue its center of gravity. And, a computation being 
made accordingly, it appears, that the matter of the body Q 
muſt be placed, in equal quantities, at each of the eight an- 
gular points of a parallelopipedon (R) whole dimenſions 
(length, breadth, and thickneſs) ſhall be /24* + 2f* = 20, 


V2e+2f/* - 2d, and zd +2 ; d, e, and 7, being 


the three values of GN x GO, when NGO is ſuccefhvely a 15 

permanent axis of rotation, with reſpect to the body * 

three directions at right angles to each other. | 
If Q were a parallelopipedon, it may be eaſily proved, 5 


that its dimenſions muſt be / 64* + 6f © 25. bes 6f * — 54. 
and  64* be — 6} *, that the correſponding parallelopipedon, 
at the angular points whereof the matter of Q is conceived to 
be placed as above, may have the fame dimenſions as thoſe 
which we have found our parallelopipedon R muſt have. 


2 Whence 


Hl 
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Whence we may infer, that the parallelopipedon (P', which 
we propoſed to find, muſt have the dimenſions laſt written; 
namely, length, breadth, and thickneſs, reſpectively equal to 
\6d* TY - be, Ve +67* — 6d, and ba Toe 67: 
which may be confirmed by a more ſtrict demonſtration founded 
on the principles made uſe of in my jourih Memoir. For it 
appears by what 1s there proved, that the centrifugal forces of 
the particles of any revolving body, in two directions at right 
angles to each other, may be expreſſed in terms of A, B, K, 
and variable quantities ſhewing the poſition of the momentary 
ais; and that, in a parallelopipedon whoſe dimentions (length, 


breadth, and thickneſs) ws b, &; and whoſe maſs, or con- 


tent, M; A will bes-, B==, and K = =, If there- 


fore a hw: = v6d* + bf * — 6e', 5 hd + bf * 228 and += 
Vo + b . in ſuch body, 2720 


i 


But, in any lod whatever, 
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and A 5 * ＋ 7 =the fur of all the x* 70 +2" x: x, Is 


and 2 correſponding to 8 place of the particle P in the body ; 5 


x being meaſured from the center of gravity upon a permanent 
axis of rotation, y at right angles to x, and 8 at right angles 
to 
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to y in à plane to which the ſaid axis is perpendicular. 
Therefore, 


1 . 3 | bg - | M * 4 
A, which 15 = the fum of all the x x p, will be = — X d T e, 


B, | the ſum of all the * * P, 


K. EAthe ſum of all the x xp, 


lence it is evident, that , , and F being determined from 
any body whatever, the values of A, B, and K will be the 
ſame in that body as in our parallelopipedon P; and that the 
centrifugal forces of the particles will be the ſame in both bo- 
dies. Conſequently, their motions about ſucceſſive momentary 
axes (whoſe poles are varied by the perturbation ariſing from 
thoſe forces), will be the fame in both bodies; their initial an- 
gular veloeities being the ſame; as well as the poſition of their 


initial momentary axes, with reſpect to the correſpondent per- 
manent axes of rotation in each body. 


— 


Let us now proceed to find how any parallelopipedan wil 
revolve about ſucceſſive momentary axes paſſing through its 
center of gravity: by which means, with the help of the 
theorem juſt now inveſtigated, we ſhall be enabled to define 
how any body whatever will revolve about ſuch a axes 3 which 1s 
the chief purpoſe of this diſquiſition. 

Fig. 2. and 3. The length, breadth; and thickneſs of the 
revolving parallelopipedon (P) being 24, ac, and 26, conceivea 
ſpherical ſurface without matter, whoſe center is the center of 
gravity of the body P, to be carried about with that body 
during its motion; and let the ſaid ſurface be orthographically 
projected, ſo that the radius upon which b is meaſured may be 


repreſented 


the Rotatory Motion of Bodies. 
repreſented by AB; the radius upon which d is meaſured may 
be repreſented by AD; and the radius AC, upon which c is 
meaſured, may be projected into the central point A. Let P 
be the momentary pole, and PQ the continuation of the great 


circle CP. Let a denote the radius AB (= AD); g and » the 


ſine and coſine of the arc CP; s and 7 the fine and coſine of 
the arc BQ, to the ſame radius a; e the angular velocity of the 
body and ſpherical ſurface, meaſured at the diſtance a from 
the momentary axis; and M the maſs or content of the paral- 
lelopipedon (S gc. | 
Then the motive force E, urging the pole P towards Q, 
will (by what I have proved in my Mathematical Memoirs) be 
M. g 
* 
pole in a direction Po, at right angles to that in which E acts, 


. Det; C and D being equal to c- and d. 3˙ re- 


x Ds* = Ca*; and the motive force E, urging the ſame 


ſpectively. Let Pq be to Po as E to E; complete the paral- 
lelogram Pr, and draw the diagonal Pr. This laſt men- 
tioned line will (by what I have ſhewn in the Phloſophrcal 
Tranſa#ions for the year 1777) be repent to the tan- 


gent to the polar track at P. Therefore Pp þ þ being the pro- 
jection of that track, and Pp an indefinitely ſmall particle 
thereof; if pu be perpendicular to Pu A, and the quantities 


„ **, be not negative; - L „ PFC will be to Des 


(as Pg to Po) as pu to Pu, the triangles Por and Pup being 
ſimilar, and or = Pg. But with reſpect to our ſpherical ſur- 


face, pu will be to Pu as to 3m 25 therefore, Ca De x 4 


N 2 | * Ds; 2 
Will be=Dgss, and © = 8 Whence, by taking the 


Vol. LXXV. „ fluents, 


2290 * 2 * . 
£ % „ — 2 4 war 929 — a 
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Huents, we have = a” X — . — „ and 2 X =; 703 
m and # denoting the values of s and r, when g is S a and on t 
7 o; and B being put to denote the difference D- C = &* = &, the 
If now Þ and & be put to denote the coſines of BP and DP It 
to the radius a, we ſhall, from what is done above, have - 
an 


ATE... 555 Oat 
82 3 By* A — Dm Cy 


B+y+3=6, gro; 
Fe + fy +4*8* = m, and 286 e 757 + PY=0, 
Drawing AR ſo that D? « fine of BR ſhall be=C*a, it is 
very remarkable, that the momentary pole (P) will run round 
about the point B, or about the point D, in the ſpherical ſurface, 


according as the initial pole ſhall be in the part BCR or DCR F 
of the ſaid ſurface ; that is, according as Dm? is leſs or greater whi 
than Ca: and that, if the initial pole ey bt any where in 8 


the great circle CR, the momentary pole, keeping in the arc 
of that circle, will continually approach nearer and nearer to 
the point C in the ſurface of the ſphere 3 but, by what fol- 
lows, we ſhall find that it never can arrive at that point in any 
finite time? 


The equation of the track of the pole in the projection to ol 
whach we have hithesto referred will, it is now obvieus, be 4 
wil 

7 = * x mY. I x, meaſured from the center A upon 3 
AD, being S2; and y, at right angles thereto, = Þ. pla 


If C beg o (that is, if c be ), x will be equal to the in- 
variable quantity m; the projected track, a right line parallel to 
AB; and the track upon the furface of the fphere, a leſer 
circle in a plane parallel to the plane of the great circle BC, 

=” : | 


IE 
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If Cbe=D, y will be equal to the invarible quantity 2; 
the projected track, a right line parallel to AD; and the track 
on the ſurface of the ſphere, a leſſer circle in a plane parallel to 


the plane of the great circle CD. 
If Dr? be=C#* the projected track will be the right line AR, 


3 


and n= x x; the track upon the ſurface of the ſphere be- 


ing the great circle CR. 
In all other caſes in this projection, the mk will be an Hy- 


i Ca? Dm 2 
perbola whole center 1s A, roi. axia Aa= — — „and the 


B 
Cat Der Þ 


C 


other ſemi- axis = — 


aſypmtote, 
Fig. 4. When the track is projected on a a plane ACD, to 


which the radius AB 1s perpendicular (the point D brang the 


yertex as before) the equation thereof will be y* = ==> x . * 


the right line AR being always an 


r, meaſured from the center A upon AD, being = 2 (as WR ö 
and y, at right angles thereto This projection of the track 
of the pole will therefore always be an ellipfis a b (or a circle} 
whoſe center is A; ſemi- axis Aa=m; and the other ſemi- axis 


wo xm: except c be ; in which 0 the projected track 
will be a right line a b parallel to AC. 


* Fig. 5. Moreover, the equation of the track projected on the 

plane ABC, to o which the radius AD is perpendicular, will be 
y x ; x, meaſured from the center A upon AB, 
＋ being =; and y, at right angles thereto, 2 7. The track of 


the pole in this prqjection will therefore always be an ellipfis 
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ab (or a circle) whoſe center is A; ſemi-axis Aan; and the 


322 


other ſemĩ- axis xn; except c bed; in which caſe the 


2 track will be a right line a b parallel to AC. 

Vith regard to the permanent axes of rotation of our paral- 
eres it appears, by my Mathematical Memoirs, that if 
two of its dimenſions be equal (that is, when the body is a 
ſquare priſm}, any line paſting through the center of gravity of 
the body, in a plane to which the other dimenſion is perpendi- 
cular, will be a permanent axis of rotation; as will the line 
paſſing through. that center, at right angles to that plane. If 
all the three dimenſions be equal (that is, when the body is a 
cube), any line whatever paſſing through the center of gravity 
of the body will be a permanent axis of rotation. 
It is obſervable, that the momentum of rotation of the 
body, about the momentary axis, is found by computation 


always = == xb + © Ta, e edenoting the 3 velocity. 


But 2 x b*1m* + © "a FS is the zit momeutum of rotation. 


Therefore, conſidering the momentum of rotation as invariable, 


the angular velocity will be invariable, e being always =þ, 
which here denotes the initial angular velocity. 


Our next buſineſs is to find the length of the track deſcribed 
by the momentary pole (P), upon the ſpherical ſurface ; and 
the velocity of the pole in that track. 

Fig. 2, 3. It appearing, that the motive force E 15= 
M 2 


o 2 | a fh M 2 3 
— x Dm* — Ca x , and the motive force E D- Cy 
54 g | zag 


x 5 — By* ; we me F F=YF+ Þ* (the force compounded 
of thoſe two forces) = — x n 1 BCa ; and, F being 


I to 


Da? TE X ay 5 1 
and its coſine 
Bim Ca . | 


ſine of PPA will be = 


. Dan? — Cy? x VDN — By 


—ͤĩ vl berefore, that coſine being to radius as 


g D BCa 


* 


Dian — BCa*y w 


track on the ſpherical ſarface, z will be . 


Dm — Cy x VDA. — BY 


Now, PpLN being a quadrant of a great circle (touching tlie 
{aid polar track at P), and NAN a diameter of that circle; if 
we put w to- denote the diſtance of any particle p) of the 


parallelopipedon from that diameter, and G to denote: the ac+ 


celeratrve 7 5 of any ſuch particle when do is a; the motive 


force F ( 2 - X Dm = BCa )), computed above, will be =. 


£4 X the * 2 all the w* * p; which ſum, by computation, is 


M d* +6* . D*m? FFI "+ "un B 

found = K Dee Beer Conſequently, 
e* 2 m* 1 — Cs" 1 

0. . a* ＋ . Da n F F . . BC 5 , * 


what I have done in the- PB phical Tranſactions for the 
year 1777, — will be = v.= the velocity. wherewith the 
momentary pole changes its place. in the ſpherical ſurface to 


which it is referred. Therefore, 


25 2722 Ca 
4 T2. D E Te Td ZN BCy* 


42 


the fluxion of the time = _ X— 


v. will be = X 7 and F, 
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to E as a to the ſine of the angle 8. it follows, that the 


2 the fluxion of the arc PQ to (S) the fluxion of the polar 


d* TUI D*nfn*— bn + af + 5 . BCy* | 
D. CY V Du'-By* x B BCA 
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2 +04 42,2 pm — Cy? x V DB 


2 7 w Dm* — Ca® 


I. xD 
bm +a TA Ar 


Dn? — Cy* x Dn — By” * D = which, 


a+ 6 a" 7 


5e af * ® 
E —y 


when Dm? is = Ca, becomes = 


* + Þ? 
2e V BC 
T in that particular cafe, will be 7/73e _ vis S a; and this 
concluſion agrees with what is ſaid above reſpecting the motion 


of the momentary pole along the great circle CR (fig. 2. 
and 3.). 


I have not found, that the value of T will, in general, be 
aſſigned by the arcs of the conic ſeciions; but my Tables“ ſhew, 
that it will be ſo aſſigned when Dm. 1s = Ba', and in ſome 
other particular caſes, 

We have ſtill to inveſtigate the track of the momentary 
pole in the immoveable concave ſpherical ſurface, which we 

muſt conceive to ſurround our moveable convex ſpherical ſur- 
face, ſuppoſing the center of both thoſe ſurfaces to coincide 
with the centers of gravity of our parallelopipedon : which 
central point is always in this diſquiſition ſuppoſed at reſt. 

Let AL be the projection of part of a great circle CL, 
at right angles to the great circle PLN); then will the 


| . 1 + 
ſine of the arc CL be -= 
| | DP 504 7 


It is evident, that 


55 the value of 


its coſine = 


T — —— mmm 
DZ Damn — U Cau*m?* Can . y* | s | 
2 e —— 3; and, the fluxion of that fine 
| Da” Ca x D*m*n 
being 
D* 2 4 — BCa = 


* Mathematical Memoirs, publiſhed in 1780. 


, the fluxion of that arc (CL) will be 
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Dm —Ca? x Damn? 2. 2, 


W 7 — Conſ⸗ 
D n — BCA N X Pa m* 12 — Damn? 2 + Cu =” f * <quently, 
E a*V BP — Co? ” 
the ſine of the arc PL being = - = 9 . 
DV Dann DA Can * + Ca*n* AY 2 


and this fine being to radius as the 865186 of the arc CL to the 
meaſure of the angle of contact of the polar track on the movea- 
ble ſpherical ebene with a great circle, we find that — 


Dm Ca * . n 2, Dm* — Ca? x D*n*n 


3 — 


Ibn CN Di By B Bin PY — 


mn 


The meaſure of the angle of contact of the track of the 
momentary pole, in the immoveable ſpherical ſurface, with a 
great circle, will accordingly be 


W GRP > > as 
* Dy Ca x D*m"n"z bm +a" + 4 ER 


5 BCA 5 D*m*n* BC 
meaſure we may defcribe, by points, the track of the momen- 
tary pole in the ſpherical ſurface laſt mentioned. 

There are other methods of findmg that track ; but I know 
none that is leſs difficult than this method, or in any reſpect 
more ſatisfactory. 

The radius of the leſſer circle, which is the circle of curva- 
ture of the polar track in our immoveable ſpherical ſurface, 


will be = 


: by means of which 


as 11111 775 
eker ide ang. of cont, V5 2 + | * 1m + + it - io g 

When B iso, or very ſmall in compariſon with D, and 
Dm is leſs than Ca, the laſt mentioned radius will be equal, or 
1 
F - mM e 
the track of the pole in the immoveable ſpherical ſurface being 
then exactly, or very nearly, a leſſer circle. At the ſame time, 


the 


nearly equal, to the invariable quantity 


e 


/ 


— — ca. 
= — — — 
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the polar track upon the moveable ſpherical ſurface will be 
exactly, or very nearly, a lefler-circle whoſe radius is . 

When C is Zo, or very ſmall in compariſon with D, and 
D/ is greater than Ca, the track of the pole in the immovea- 


ble ſpherical ſurface will be exactly, or very nearly, a leſſer 


Dmn 
circle whofe radius ! * _ and then the polar 
Vim? + cf al. 5 N 50 


— — 2 2 — 
— 


- — — 
- 1 — — - * * — - 
> - " 


- - — — _ 
—— . — t " 
- 1 3 X: FB wy > v4 — 
a = 2 


track upon the moveable Cherical ſurface will be exactly, or 

{i very nearly, a leſſer circle whoſe radius is . 
179 Whatever the curves may be which the momentary 
| F g pole ſhall deſcribe in thoſe two ſpherical ſurfaces, the track 
Ll upon the moveable ſurface will always touch -and roll along 


the track in the immoveable ſurface (whilſt the common cen- 
ter of both ſurfaces remains at reſf), in the manner deſcribed 
in my Paper in the Philoſophical Tranſattions for the year 
1777; the velocity of the point of contact being equal to the 
value of v computed above, which velocity when Bis =o, or very 
{mall in compariſon with D, and Dm is leſs than Ca*, will be 


d* -* mne 
exactly, or very nearly, = rr * 3 and when C is So, or 


very ſmall in compariſon with D, and Dm is greater than Ca, 


4 — mne 


that velocity will be exactly, or very nearly, = - * x” 
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d F 2 74 
” —= A. 1 A 
« "2+ © ” 
- * 
ys d 


Z - -_—_ 
— 
— —— 
58 4 


The polar track upon the moveable ſpherical ſurface 
will always roll along the convexity of the track in 
the immoveable ſpherical ſurface; the convexity or con- 
cavity of the former being turned towards the convexity 
of the latter, according as D, is greater or leſs than Ca. 
Which track in the immoveable ſpherical ſurface, when it 
is not circular, will touch a certain circle as often as y, during 
the motion, thall become 03 and likewiſe another parallel 


- * * 2 FF _ — — = 
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. * LY 
- — * b . . * , 
* 5 . 
. * 
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t 
circle as often as y ſhall berome: equal to # *in, or Is X N 


the parts of the track between the points of contact 1 per- 
fectly fimilar. It Dr be Ca (D being then = Ba „and 


0 N = 
conſequently 1 X = — XN 1 =0a a), the ſaid track will make 


an infinite number of revolutions about a certain point, con- 
tinvally approaching nearer and nearer thereto, without arriv- 
ing thereat in any finite time, though the length of the ſpiral 
ſo deſcribed cannot exceed a certain finite quantity. 

M. EvLERr has computed, that if the motive forces to turn 
the revolving body about AB, AC, AD, be reſpectively de- 
noted by H, I, K; 


VM Po | 
H will be=— . = x flux. of 35 B 7758, 
43 
1 2 1 
I =. „ flux. of ey +=: » Des, 
3 a3T 3* | 
= 42 „ 
3 a3T 3 


y being ſuppoſed to decreaſe as T increaſes: and he has put the 
value of each of thoſe forces (H, I, K) =o. In doing ſo, it 


ſeems to me, that he has erroneouſly aſſumed equations as 
generally true, which are only ſo in a particular caſe. For 


M | - = — 
7 Be. is the motive force to turn the body about AB, ariſing 


from the centrifugal force of its particles revolving about the 


momentary axis AP, ſuppoſing the pole to keep its place; 


M 4. 
and — 
3 al 


x flux. of 8 18 the value of the motive force 


| . 6-3-2 - if SY 
requiſite to cauſe the whole variation of the velocity ( =) about 


AB. But the firſt mentioned force alone does not, in general, ; 
X x cauſe 
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cauſe all the variation of the velocity about AB; that velocity 

varies in conſequence of the evagation of the pole P; and that ot 

evagation is cauſed by the motive forces urging the body to th 

turn about AB, AC, AD, conjunctly. Therefore the motive force an 
£1 


155 * Be'y3 about AB only will not, in general, be equal to 
M d* ＋ 


3 a3T 
. 2 "OTA. 
requiſite to cauſe the variation of the velocity , as M. ELER 


x flux. of eg, the value of the whole motive force 


reckoned. 
The like objection may, I conceive, be juſtly made to his 
other two equations ſimilar to that which 1s here particularly 


re 

adverted to. te 
M. D'ALENMBERT's radical errors, in treating this labgect, jo 
appear to me nearly ſimilar to M. EuLER's. fe 


Other arguments may be adduced to prove, that the equa- 
tions aſſumed by thoſe gentlemen are not well founded. If the 
forces to turn the body about the lines AB, AC, AD were 
each =o, the velocities about thoſe lines muſt each remain inva- 
riable; but it ſeems abſolutely impoſſible that they can ever 
remain ſo, whilſt the angles which thoſe lines make with the 
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momentary axis are each continually varying. Moreover, ac- d 
cording to their concluſions, the tangent at P to the track of al 
| | polar evagation, upon the moveable ſpherical ſurface, will not 
| 1 always be perpendicular to the direction in which the pole P 
will be urged to turn by the joint centrifugal force of the par- 
1 ticles of the revolving body; whereas it is proved, I preſume, Ci 
| beyond a doubt, in my Paper above-mentioned, that the ſaid V 


track will always be interſected at right angles by the direction 
in which the momentary pole ſhall, at any inſtant of time, be 


urged to turn by the for cauſing its evagation. 
4 If 
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If we reſolve each of the three forces H, I, K, into two 
others; the one to turn the body about the diameter NAN, and 
the other to turn it about the momentary axis PAP, at right 


angles to that diameter; the forces to turn it in the laſt men- 
tioned direction, ariſing from the ſaid forces H, I, K, will be 


= = 
- X flux. of Ja CeRyd. 


3 
The ſum of theſe forces, it is obvious, muſt be o; the di- 
rection wherein they are ſuppoſed to act being at right angles 
to that in which the body will be actually urged to turn by the 
joint centrifugal force of its particles, and that being the only 
force whereby the motion of the body is ſuppoſed to be affected: 


which ſum (B＋TC-D being = o) is, when divided by = 


1 egen. ö 

Þ PZ IR | 5 __ 
d*+& .e88+d*+8& . eyy+&f +8 . eds 

But BB+yy +80 being before found o, we have 


4+ f+& xBÞp+yy+33=0; and FBB+&yy +403 _ 
alſo found =o ; it evidently follows, that 


4+. BB+ +8 . yy + + & 33 will be = o. 
Therefore Fre * 2＋ TSR 75 re. e will beo: 


conſequently e will be o, and e invariable; which agrees with 
what is ſaid above reſpecting the momentum of rotation. 

The other forces ariſing by reſolution from the forces H, 1, 
K, to turn the body about the diameter NAN, will be 
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4.8 being = Murine — BCd'y.. 
And, no external force being ſuppoſed to act on the body, it fol- 
lows, that the ſum of theſe three forces muft be = © :- there- 
tore we may wa that 


T will bes 


1 a4 — 0 ee 874 4 —- &. 25 
| B * 722 + 5585 3 * Þ.C*p*y 24. 2 


; which agree- 


ing with 8 of T found above, the truth of our pre- 
ceding Ages K thus confirmed. 


The force — — -- - X B 74D 69* + C'&y,, ariſing from thoſe 


three nes, is the whole joint centrifugal force of the particles 
of the revolving body, to turn it about the diameter NAN the 
way it will actually be urged to turn by ſuch fores ; ; the value 


Ne 
L m*n* — BCa'y 


whereof ſo computed will be (= 
M-*S ' 
cy 
being conſidered as urging the body to turn in the ſame 
direction. And the quantity 


equal to the value of the force F . above, both 


er e . 79 — 4. +& . Deu e ＋ *. C899 
(=4 x the ſum of all the w' X p) is the value of the motive 


force which, acting in that very direQion, 18 requiſite to cauſe 
the momentary pole to change its place as above deſcribed. 
Thus we ſee diſtindly how the equation ariſes, by which the 


value of T is juſt now determined. 1 do 


It appears, by what 1 is done ac that the force 
H =: 


X BC.. Ca B. ILY 


= x BD'r3'3; 


R being BV D' -C-. 


And it is obvious, that each of the three laſt mentioned forces 


will be o, if any two of the quantities 5, c, d, be equal; 


two of the values of thoſe forces then vaniſhing, by reaſon of 
that equality; and. the third value alſo vaniſhing . by either 
f, 7. or J, being at the ſame time So. Therefore, in that 
. caſe. it happens, that M. EuLER's computation agrees with 


mine: in every other caſe, I am clearly of opinion, his con- 


cluſions are not true. The ſame may be ſaid of M. D'ALEM- 


BER T's Concluſions reſpecting the ſame propoſition. 


The evagation of the pole of a revolving body conſidered 


above, does not ariſe from gravity, the attraction of any other 


body, or any external impulſe whatever ; but is only the con- 


ſequence of the inertia of matter, and muſt neceſſarily enſue, . 
according to the theory here explained, in every body in the 
univerſe, after having been made to revolve, without reſtraint, 
about any line paſſing through its center of gravity, that a is not a 


permanent axis of rotation. 


The Earth being neither uniformly denſe nor a 1 
ſpheroid muſt, in ſtrictneſs, be conſidered as having only three 


permanent axes of rotation, agreeably to what I have proved 


in my Mathematical Memoirs; and, as it is diſturbed in its 
rotatory motion by the attraction of the ſun aud moon. (and. 


other . 


the Rolatory Motion of Bodies. | 
I do not find that the reſolving the forces H, I, K, in any other 


manner will conduce to the attainment of any uſeful concluſion. 
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fore, with reſpect to the above theory, this terreſtrial maſs muſt 


radius of the limiting circle very ſmall, whether we have regard 
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other bodies in our ſyſtem) ; it follows ; that it will not conti- 
nually revolve about either of thoſe axes, but will revolve, ig 
endeavour to revolve, about ſucceſſive momentary axes, as ſhewn 
above. If then its three permanent axes of rotation be called 
its firſt, ſecond, and third axes ; and the poles of its firſt axis be 
thoſe about which its momentary poles are carried according to 
our theory; the ſecand and 7hird axes will be in the plane of its 
equator, the three being at right angles to each other. There- 


be conſidered of ſuch a form, that its equator, and any ſection 
parallel thereto, ſhall rather be elliptical than circular. And, 
denoting its firſt, ſecond, and third axes by 6, c, d, reſpectively, 
obſervations evince, that the difference c = will be much 
greater than the difference d—c. Whence it follows, that (ſup- 
poſing the earth's rotatory motion to be diſturbed only by the 
centrifugal force ariſing from the inertia of its own particles) the 
track of polar evagation with us will be nearly circular, and the 


to the moveable or immoveable ſpherical ſurface referred to 
above; but that, in the latter furface, ſuch circle will be much 
leſs than in the former : and it moreover follows, that the con- 
cavity of the track upon the moveable ſurface will continually 
touch and roll along the convexity of the track in the immove- 
able ſurface. 

In other planets, the tracks of polar evagation may, from a 
ſimilar cauſe, be very different. The theory above explained 
evidently proves, that their axes of rotation may poſſibly vary 
greatly in poſition, merely through the inertia of matter; whilſt 
Providence has ſo ordered it, that the poſition of the axes of 
rotation of this planet ſhall, by that cauſe, be but very little 
altered. | 
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XVII. Deſcription of a new Marine Animal. In a Letter from 
Mr. Everard Home, Surgeon, to John Hunter, Efq. F.R.S. 
With a Peſiſcript by Mr. Hunter, containing anatomical Re- 
marks upon the ſame. 


Read March 7, 1785. 


TO JOHN HUNTER, ESQ. F.R.s. 


DEAR SIR, | Sept. 20, 1784. 


SENT you, about three years ago, a ſea animal from Bar- 
badoes, which was unlike any one I had ever ſeen. From 
the want of books and other information in that iſland, I was 
unable at the time to find out, whether it was a new acquiſi- 
tion, or had been deſcribed by any authors in natural hiſtory. 

Since my arrival in England, I have examined the libraries 
of ſome men of ſcience for an account of this animal, and 
have made other enquiries among the naturaliſts, without ſuc- 


coaſt which had undergone very remarkable changes, in conſe- 
quence of a violent hurricane, Theſe changes were indeed the 
means of its being diſcovered, and preſent a probable reaſon why 
it was not diſcovered before. The extraordinary circumſtances. 
which brought it within our reach, and the filence of all the 
authors on natural hiſtory which I have been able to contult, 
| nceline me to believe it to be a non-deſcript. As the peculiari- 


ties of its ſtructure may add to the knowledge of the natural 
hiſtory 


ceſs. The ſpecimen I ſent you was found on a part of the 
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334 Mr. Houz's Deſcription of 
hiſtory of other animals of this genus, at preſent ſo little un- 
derſtood, I have drawn out a more particular account of it; 
which, if you think it deſerves attention, you may preſent to 
the Royal Society. 
This animal was found on the ſouth-eaſt coaſt of Barbadoes, 
cloſe to Charles Fort, about a mile from Bridge Town, in ſome 
thoal water, ſeparated from the ſea by the ſtones and ſand 


thrown up by the dreadful hurricane, which happened in the 


year 1780, and did ſo much miſchief to the land. 

The wind, in the beginning of the ſtorm, which was in the 
afternoon, blew very furiouſly from the north-weſt, making a 
prodigious "ſwell in the ſea; and in the middle of the vight 
changing ſuddenly to the ſouth-eaſt, it blew from that quarter 
upon the ſea, already agitated, forcing it upon the ſhore with 
ſo much violence, that it threw down the rampart of Fort 
Charles, which was oppoſed to it, although thirty feet broad, 
by the burſting of one ſea. It forced up, at the ſame time, im- 
menſe quantities of large coral rocks from the bottom of the 
bay, making a reef along this part of the coaſt for the extent 
of ſeveral miles, at only a few yards diſtance from the ſhore. 

The ſoundings of the harbour were found afterwards to be 
1ntirely changed, by the quantity of materials removed from 
the bottom in different places. In the reef of coral was found 
an infinite number of large pieces of brain-ſtone, containing 
the ſhell of this animal; but the animals had either been 
long dead, or more probably deſtroyed by the motion of the 
rocks in the ſtorm: ſome few of the brain-ſtones, however, 
that had been thrown beyond the reef, and lodged in the ſhoal 
water, receiving leſs injury, the animals were preſerved unhurt. 

The animal, with the ſhell, is almoſt iatirely incloſed in the 


brain-ſtone, ſo that at the depth in which they generally lie, 
2 the) 
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they are hardly diſcernible, through the water, from the com- 
mon ſurface of the brain-ſtone ; but when in ſearch of food 


they throw out two cones, with membranes twiſted round 


them in a ſpiral manner, which have a looſe fringed edge, 
looking at the bottom of the ſea like two flowers; and in this 
ſtate they were diſcovered. 

The ſpecies of Actinia called in Barbadoes the Animal 
Flower, and common to many parts of that iſland, although 
rarely before ſeen on this part of the coaſt, was now found in 
conſiderable numbers in this ſhoal water. | 

The animal was firſt obſerved by Captain HREN DIE, the officer 
commanding Fort Charles, in looking for ſhells which were 
thrown up in great numbers from the bottom of the harbour. 
He found a piece of brain-ſtone containing three of them in 
different parts of it. Some little time after, I was lucky enough 


to find another brain-ſtone with two in it; one of them is the 


ſpecimen in your poſſeſſion ; the other was deſtined for exami- 
nation, of which the following is the account. 

The animal, when taken out of the ſhell, including the two 
cones and their membranes, is five inches in length; of which 
the body is three inches and three-quarters, and the apparatus for 
catching its prey, which may be conſidered as its tentacula, 
about an inch and a quarter. 

The body of the animal is attached to its ſhell, for about 
three-quarters of an inch in length, at the anterior part where 


the two cones ariſe, by means of two cartilaginous ſubſtances, 


with one fide adapted to the body of the animal, the other to 
the internal ſurface of the ſhell : the reſt of the body 1s unat- 
tached, of a darkiſh white colour, about half an inch broad, a 
little flattened, and rather narrower towards the tail. The 
muſcular fibres upon its back are tranſverſe ; thoſe on the belly 
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336 Mr. Home's Deſcription of 

longitudinal, making a band the whole length of the body, on 
the edge of which the tranſverſe fibres running acroſs the back 
terminate. 

The two cartilaginous ſubſtances by which the animal ad- 
heres to its fhell, are placed one on each fide of the body, and are 
joined together upon the back of the animal at their poſterior 
edges: they are about three-quarters of an inch long, are very 
narrow at their anterior end, becoming broader as they go 
backwards; and at their poſterior end they are the whole 
breadth of the body of the animal. Upon their external ſur- 
face there are ſix tranſverſe ridges, or narrow folds; and along 
their external edges, at the end or termination of each ridge, 
is a little eminence reſembling the point of a hair pencil, ſo 
that on each fide of the animal there are fix of theſe little pro- 
jecting ſtuds, for the purpoſe of adhering to the ſides of the ſhell 

in which the animal is incloſed. The internal ſurfaces of 
theſe cartilages are firmly attached to the body of the animal, in 
their middle part, by a kind of band or ligament; but the upper 
and lower ends are lying looſe. 
From the end of the body, between the two upper ends of 
theſe cartilages, ariſe what I ſuppoſe to be the tentacula, conſiſt- 
ing of two cones, each having a ſpiral membrane twining round 
it : they are cloſe to each other at their baſes, and diverge as 
they riſe up, being about an inch and a quarter in length, and 
nearly one-fixth of an inch in thickneſs at their baſe, and gra- 
dually diminiſhing till they terminate in points. The mem- 
branes which twine round theſe cones alſo take their Origin 
from the body of the animal, and make five ſpiral turns and a 
half round each, being loſt in the points of the cones; they 
are looſe from the cone at the loweſt ſpiral turn which they 
make, and are nearly half an inch in breadth; they are exceed- 


ingly 
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ingly delicate, and have at ſmall diſtances fibres running acroſs 
them from their attachment at the ſtem to the looſe edge, 
which gives them a ribbed appearance. Theſe fibres are conti- 
nued about one-tenth of an inch beyond the membrane, having 
their edges finely ſerrated, like the tentacula of the Actiniæ 
found in Barbadoes : theſe tentacula ſhorten as the ſpiral turns 
become ſmaller, and are entirely loſt in that part of the mem- 
brane which terminates in the point of the cone. 

Behind the origin of theſe cones ariſes a ſmall ſhell, which, 
for one · ſixth of an inch from its attachment to the animal, is 
very llender: it is about three quarters of an inch in length, 
becoming conſiderably broader at the other end, which is flat, 
and about one-third of an inch broad; the flattened extremity 
is covered with a kind of hair, and has riſing out of it two 
ſmall claws, about one-ſ1xth of an inch in length. If the hair, 
and mucus entangled in it, be taken away, this extremity of the 
ſhell becomes concave, is of a pink colour, and the two 
claws riſing out from its middle part have each three ſhort 
branches, not unlike the horns of a deer. The body of this 
ſhell has a ſoft cartilaginous covering, with an irregular but 
poliſhed ſurface : on this the cones reſt in their collapſed ſtate, 
in which tate the whole of the ſhell is drawn into the cavity of 
the brain-ſtone, excepting the flattened end with the two 
claws. 

Before the cones there is a thin membrane, which appears to 
be of the ſame length with the ſhell juſt deſcribed. In the col- 
lapſed ſtate it lies between the cones and the ſhell in which the 
animal is incloſed ; but, when the tentacula are thrown out, it 
is alfo protruded. | 

The ſhell of this animal is a tube, which is very thin, and 
adapted to its body; the internal ſurface is ſmooth, and of a 

TY 8 Pink- 
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. — 


out with the cones and their membranes in a collapſed ſtate; 
and when the whole is expoſed, the moveable ſhell falls a little 
back, and the membrane round each of the cones is expanded, 
the tentacula at the baſes of the cones having juſt room enough 
to move without touching one another. The thin membrane 
which lay between the cones and the incloſing ſhell is pro- 
truded in the form of a fold, and lies over the external ſhell 
which projects from the brain- ſtone. 

The membranes have a ſlow ſpiral motion, which continues 
during the whole time of their being expanded; and the ten- 
tacula upon their edges are in conſtant action. The motion of 
the membrane of the one cone ſeems to be a little different 
from that of the other, and they change from the one kind of 
motion to the other alternately, a variation in the colour of 
the membrane at the ſame time taking place, either becoming 
a ſhade lighter or darker; and this change in the colour, while 

the- 


pinkiſh white colour: its outer ſurface is covered by the brain- th 
ſtone in which it is incloſed, and the turnings and windings ſtr 
which it makes are very numerous, The end of the ſhell, ev 
which opens externally, riſes above the ſurface of the ſtone on 
one fide half an inch in height, for about half the circum- ſe; 
ference of the aperture, bending a little forwards over it, and th 
| | hecoming narrower and narrower as it goes up, terminating at di. 
| laſt in a point juſt over the center of the opening of the ſhell ; 
I}. on the other fide it forms a round margin to the ſurface of the co 
| ; brain-ſtone. This part of the ſhell is much thicker and, an 
| ſtronger than that part which 1s incloſed in the brain-ſtone : its. at 
1 outer ſurface is of a darkiſh brown colour; its inner of a ſn 
| pinkiſh white. | 
1 The animal, when at reft, 1s wholly concealed in its ſhell; fa 
; but when it ſeeks for food, the moveable ſhell is puſhed ſlowly in 
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the whole is in motion, produces a pleaſing effect, and is moſt 
ſtriking when the ſun is very bright. The membranes, how- 
ever, at ſome particular times appear to be of the fame colour. 
While the membranes are in motion, a little mucus is often 
ſeparated from the tentacula at the point of the cone. Upon 
the leaſt motion being given to the water, the cones are. imme- 
diately, and very ſuddenly, drawn in. 

This apparatus for catching food is the moſt delicate and 
complicated that I have ſeen; but I ſhall not trouble you with 
any conjectures upon what that food may be, as I have not 
attained fufficient knowledge of the animal to ſpeak with. the 
ſmalleſt certainty. | 
I have endeavoured to deſeribe the external appearances as I. 
ſaw them; and have annexed two drawings of the animal. 
in its two different ſtates, one in ſearch of food, and one while 
lying at reſt; theſe are a little magnified, to ſhow the parts. 
more diſtinctly. 

I ſhall not lay any thing of the internal parts, or their uſes, 
as the animal 1s in your poſſeſſion, who are fo much better able. 
to explain its internal œc oy. 


I am, &c. 


EVERARD HOME. 
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Mr, HunTER's Anatomical Remarks 


POSTSCRIPT, 


BY JOHN HUNTER, ES d. rp. R. s. 


ANIMALS which come from foreign countries, and can- 
not be brought to England alive, muſt be kept in ſpirits to 
preſerve them from putrefaction, which makes them leſs fitted 
for anatomical examination; for the ſpirits, which preſerve 
them, produce a change in many of their properties, and alter 
the natural colours, and texture of the parts, ſo that often 
the ſtructure alone of the animal can be aſcertained ; and where 
this is not naturally diſtinct, it becomes frequently intirely ob- 
ſcured, and the texture of the finer parts is wholly deſtroyed, 
requiring a very extenſive knowledge of ſuch parts in animals 
at large, to afliſt us in bringing them to light : this happens to 
be the caſe with the animal whoſe diſſection is the ſubject of 
this Poſtſcript. 

The animal may be fad to conſiſt of a fleſny covering, a 
ſtomach and inteſtinal canal, and the two cones with their ten- 
tacula and moveable ſhell, which laſt may be conſidered as ap- 
pendages. 

The body of the animal is flattened, and terminates in two 
edges, which are interſected by rugæ, the faſciculi of tranſverſe 
muſcular fibres which run acroſs the back being continued 


over them. Upon each of theſe edges is placed a row of fine 


hairs, which project to ſome diſtance from the ſkin. 
The fleſhy covering conſiſts principally of muſcular fibres: 


thoſe upon the back are placed tranſverſely, to contract the body 


5 laterally; 
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laterally ; thoſe on the belly longitudinally, to ſhorten the ani- 
mal when ſtretched out, and to draw it into the ſhell. | 
The ſtomach and inteſtine make one ſtraight canal : the ante- 
rior end of this forms the mouth, which opens into the grooves 
made by the fpiral turns of the tentacula round the ſtem of 
each of the cones; and the inteſtine at the poſterior end opens 
externally, forming the anus. From the contracted ſtate of 
the animal, the inteſtine is thrown into a number of folds. 

On examining the cones and the tentacula, I at firſt believed 
that the ſpiral form aroſe from their being in a contracted ſtate; 
and that, when the tentacula were erected, the cone untwiſted, 
forming a longer cone with the tentacula ariſing from its ſides, 
like the plume from the ſtem: of a feather ; aud that this ſtem 
was drawn nr or ſhortened by means of a muſele paſſing along 
the center, which threw the tentacula into a ſpiral line, ſimilar 
to the penis's of many birds; but how far this 1s really the 
caſe, I have not been able to aſcertain. 

The internal ſtructure of this animal, like moſt of thoſe 
which have tentacula, is very ſimple ; it differs, however, ma- 
terially from many, in having an anus, moſt animals of this 
tribe, as the Polypi, having only one opening, by which the 
food is received, and the excrementitious part of it alſo after- 
wards thrown out; this we muſt have ſuppoſed, from analogy, 
to take place in the animal which is here deſcribed, more parti- 
cularly fince it is incloſed in a hard ſhell, at the bottom of 
which there appears to be no outlet; but as there is an anus 
this cannot be the caſe. 

It is very ſingular, that in the Leach, Polypi, &c. where no 
apparent inconvenience can ariſe from having an anus, there. 
is not one, while in this animal, where it would ſeem to 
be attended with many, we find one; but there being no anus 
In 
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in the Leach, Polypi, &c. may depend upon ſome circumſtance ia 
the animal ceconemy which we are at preſent not fully ac. 
quainted with. 

The univalves, whoſe bodies are under fimilar circumſtances 
reſpecting the ſhell with this animal, have the inteſtine reflected 
back, and the anus, by that means, brought near to the exter. 
nal opening of the ſhell, the more readily to diſcharge the ex- 
crement ; and although this ſtructure, in theſe animals, appears 
to be ſolely intended to anſwer that purpoſe, yet when we find 
the ſame ſtructure in the black Snail, which bas no ſhell, this 
reaſoning will not wholly apply, and we muſt refer it to ſome 
other intention in the animal ceconomy. 

In this animal we muſt therefore reſt ſatisfied that the diſad- 
vantageous ſituation of the anus, with reſpect to the excrement's 
being diſcharged from the ſhell, anſwers ſome purpole in the 
economy of the animal, which more than counter-balances the 
inconveniences produced by it. 

It would appear, from conſidering all the circumſtances, 
that the excrement thrown out at the anus muſt paſs from the 
tail along the inſide of the tube, between it and the body of 
the animal, till it comes to the external opening of the ſhell, as 
there is no other evident mode of diſcharging it. 

How the tube or ſhell is formed in ſtone or coral is not eaſily 
aſcertained. It may be aſked, whether this animal has the 
power of boring backwards as the Teredo Navalis probably 
does, or whether the ſtone or coral is formed at the fame time 
with the animal, and grows and increaſes with it: and if we 
conlider all the circumſtances, this laſt would appear to be moſt 
probable, and agree beſt with the different phænomena; for the 
coral is lined with a ſhell, which could not be the caſe if the 


animal was continually increaſing this hole, both in length and 
[ | breadth, 
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breadth, in proportion to its growth ; but if the coral and the 
animal increaſe together, it is then ſimilar to the growth of all 
ſhells, whether bivalve or univalve. 

The animal does not appear to have the power of increaſing 
its canal, being only compoſed of ſoft parts. This, however, 
is no argument againſt its doing it, for every ſhell fiſh has the 
power of removing a part of its ſhell, ſo as to adapt the new 
end the old together ; which is not done by any mechanical 
power, but by abſorption. 

The tribe of animals which have tentacula conſiſts of an 
almoſt infinite variety, and many of the ſpecies have been de- 
ſcribed. Of that kind, however, which has the double cones, I. 
believe hitherto no account has been given. It is moſt pro- 
bably to be found in the ſeas ſurrounding the different iſlands 
in the Weſt Indies; for I received an animal, ſome years ago, 
from Mr. OLrves, ſurgeon, at Tenby in Pembrokeſhire, 
which he had procured from a gentleman at St. Vincent's ; 
which, upon examination, proves to be the ſame animal with 
that above deſcribed, only that the moveable ſhell is wanting. 
Since I began this Poſtſcript, I find there is a deſcription of 
a double-coned Terebella, publiſhed by the rev. Mr. Cox bi- 
NER, at Bamf in Scotland, which was found upon that coaſt ; 
in which the cones have their tentacula paſſing out from the 
end, and when erected they ſpread from the cone as from a 
center. This proves that the double-coned tentacula alfo have 
difterent ſpecies, 
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EXPLANATION OF THE FIGURES, TAB. XI. 


FM 


A drawing of the animal after death, as it appeared in ſpi- 
rits, a little magnified, 
A. The under fide of the body. 


BB. The cartilages which attach the animal to the fides of 
the cavity in which it hes. 


C. One of the cones covered by its membrane in a collapſed 
ſtate. 5 | 

D. The loweſt ſpiral turn of the membrane and its ten- 
tacula ſpread out. 

EE. The cut edges of the divided membrane, which are 
turned on each fide to ſhew the cone. 

F. The cone as it appears in the intervals between the ſpiral 
turns of the membrane. 

G. The moveable ſhell, with the ſmooth cartilaginous cover- 
ing, in an outſide view. 


H. The flattened end of the moveable ſhell, with hair upon 
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it. 
II. The two Pe that ariſe from the ſurface of the flattened 
end of the moveable ſhell. 


K. The anus, into which a hog's briſtle is introduced. 


186. II. 


A drawing of the animal, with its tentacula expanded in 
ſearch of food, as it appears in the ſea; taken from a ſketch 
made in Barbadoes, where no draughtſman could be procured 
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while the animal was alive. This alſo is larger than the 


animal. 
a. The ſort of brain-ſtone in which the animal was diſ- 


covered. 
5. The external prominent ſhell. 


cc. The membrane which is protruded with the cones and 
moveable ſhell, and makes a fold over the edges of the promi - 
nent ſhell. 

dd. The membranes and tentacula in a ſtate of expanſion. 

e. The inner ſide of the moveable ſhell, as it appears when 
protruded. 

J. The hole in the brain-ſtone as it appears when the promi- 
nent ſhell is broken off, and which may be ſeen in many ſpeci- 


mens of brain-ſtone. 
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XVIII. 4 Deſcription of a new Syſtem of IV ires in the Focus of a 
Teleſcope, for obſerving the comparative Right Aſcenſions and 
Declinations of celeſtial Obzefts ; together with a Method of in- 
veſtigating the ſame when objerved by the Rhombus, though it 
happen not to be truly in an equatorial Poſition. By the. Rev, 
Francis Wollaſton, LL. B. F. R. . 


Read April 7, 1785. 


N conſequence of a paper communicated the Taft year to 
this Society, and honoured with a place in our Tranſactions, 
it may be expected of me, that I ſhould now deliver in an ac- 
count of what farther obſervations I have made on that con- 
ſtellation of which I then gave a rough map. This I readily 
would do, if they were in any degree worthy of the Society's: 
notice. But as yet they are far from perfect: how much better 
they may ſucceed hereafter, time muſt ſhew. 

Yet has this year perhaps not quite been loſt ; the difficulties: 
which diſappointed my hopes, having led to what appears to me 
an improvement in the inſtrument with which to purſue ſuch 
obſervations. 

My defign, as was hinted in that Paper,. was to aſcertain, as: 
well as I was able, the right aſcenſions and declinations of the 
ſtars I had laid down; by obſerving their meridian paſſages and 
meridian altitudes, where that could be done with ſuch ſmall 
inſtruments as mine; as alſo by their comparative paſſages 
through the field of ap equatorial teleſcope furniſhed with a 
5 ſyſtem 
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ſyſtem of wires invented by Dr. BxaDLEY, and called by the 


3 Reticule Rhomboide, whence it has commonly obtained 
in Engliſh the name of the Rhomboid. 


In the former I was difappointed by the weather ; which from 


the time I went into the country, in the middle of May, till 


the end of June, when that conſtellation came to the meridian 
in the day-light, afforded me very few evenings fit for obſer- 
vation. 

In the latter I failed, through the imperfection of my inſtru- 
ment, or my own want of {kill in the uſe of it; for though 
a fingle ſet of obſervations in any one evening would appear 
rery good, yet when reduced by calculation, and confronted 
with other repeated trials, they never gave me the ſatisfaction 
I wiſhed. 

The rhombus (for a rhombus, and not a rhomboid, it ought 
moſt properly to be called) is very good in theory; but very 
difficult to get executed with preciſion, and liable to fome inac- 
euracy in the obſervation. The truth of it depends upon the 
longer diagonal being exactly twice the length of the ſhorter 
one; which requires an aukward angle (53* 7 48“) at the ver- 
| tex, not eaſily to be hit by the workmen, and therefore ſeldom 
tufficiently true. Befide this, as the ſides of the rhombus, on 


which depends the calculation for differences of declination, are 


| but 26* 33“ 54” declining from the perpendicular or horary 
| wire, a very ſmall error in obſerving the paſſage of a ſtar 
| Makes a very material difference in the reſult. 

| This determined me upon making trial of a ſquare placed 

| ngularly (an addition to M. Cassin1's wires at 45*, ag may be 

| feen in tab. XII. fig. 1.) which ſeems to anſwer better. 1 


| muſt confeſs I have not yet had opportunity for trying it ſo 


| completely as I could with : but 1 was unwillng to let this. 
year 
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vear flip by, without making it known ; ſince, I think, from 
what I have done with it, I may be confident of its utility *, 
The properties and advantages of ſuch a ſyſtem of wires 
ſcarcely need to be pointed out to aſtronomers. The whole ex. 
tent of the field is employed as it is in the rhombus (the want 
of which was ſaid to be Dr. BRADLE “'s objection to M. Cas- 
SIN1'S wires); but being formed of right angles or half-right 
angles, to which workmen are moſt accuſtomed, they will 
always be apt to execute their part better; and the obliques, 
from the differences being juſt double to what they are in the 
rhombus, give the comparative declinations with twice the 
certainty. To this the number of correſponding obſervations 
in the paſſage of every ſtar add conſiderably ; ſince you may 
calculate its diſtance from the center C, from the angle D or E, 
or from one of the intermediate angles K, as you ſhall ſee occa- 
ſon. The ſame indeed you may do in the rhombus from D or 
from E; or, if the rhombus be formed of wires, from the 
angle at L, fig. 2.; but only with half the preciſion. The 
reſult of a ſingle paſſage of any one ſtar (excepting towards the 
extremities of the field) gives the extent of the field equally in 
each, provided the declination of the ſtar be known, by de- 
ducing its diſtance from thoſe ſeveral angles; and ſuch deduc- 
tions ſerve as a ſtill farther check upon every obſervation ; be- 


© What is here offered is by no means to be underſtood as recommending an 
ſyſtem of wires in preference to actual meaſurement with a micrometer, but to 
render the uſe of them as convenient as may be to ſuch gentlemen as are ne 
provided with better inſtruments. The equatorial micrometer with a large field 
(ſuch as I have ſeen at Mr. AuzERT's, of Mr. SMEAToN's conſtruction) I take (0 
be the beſt inſtrument for taking differences of right aſcenſion and declination 
out of the meridian ; and far ſuperior to any ſyſtem of fixed wires, or indeed to 

any equatorial ſector whatever, 
caufe, 


where that oblique meets the horary ; and 
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cauſe, if any part of it be thought doubtful, its tallying or not 
tallying with the known extent of the field will ſhew whe- 
ther there be any error, or where it lies. And, in each of 
them, the parallel wires will tell you whether the placing of 
your inſtrument be true or faulty; becauſe, if truly made and 
truly ſet, the ſame ſtar muſt take the ſame time in paſſing from 
one wire to its correſponding parallel; which will differ confi- 
derably, and in every ſtar the ſame way, 1f the poſition be 
faulty. 

Some of theſe latter remarks might have been ſpared, but 
that they may ſerve as hints to ſuch gentlemen as may be in- 
clined to lend their aſſiſtance to what was propoſed the laſt 
year, and who. may not have conſidered the many helps to be 
derived from a croſs examination of the obſervations they make. 
For their uſe alſo it may be proper to add, what indeed is no- 
thing new, that if the poſition of the inſtrument be found 
erroneous, the formula given by M. De La LanvDe in his 
Aſtronomy will ſerve to rectify the obſervation. Calling the 
larger interval between the paſſage of any oblique and the ho- 


min + nm 


27 will give the dif- 
ference of declination (in time, to be converted into degrees, 
and multiplied by the coſine of declination) from the angle 


the dif- 


rary wire m, and the ſmaller one u, 


— m 
. + a 


| ference in right aſcenſion from the ſame angle. It mult ſurely 


be almoſt needleſs to mention, that where the poſition is true, 


| balf the interval of time between a ſtar's paſſing any two cor- 
| reſponding obliques, converted into degrees, and multiplied by 
the coſine of declination, will give the difference in declination. 
of that ſtar from the angle where thoſe obliques meet, as the 
vbole interval does in the rhombus, 


But 
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But it may, perhaps, be of ſervice to aſtronomy, or at leaft 
not unacceptable to thoſe gentlemen who uſe the Rhombus, 


that I ſhould ſubjoin another formula (contrived for me the laſt 
ſummer by my Son, now Mathematical Lecturer at Sidney 


College, Cambridge) for inveſtigating the comparative right 


aſcenſions and declinations of ſtars obſerved by it, when the 
inſtrument is not placed truly in the plane of the equator, I 
was led into wiſhing for ſome ſuch formula, in conſequence of 
an ingenious Paper, kindly communicated to me by Sir H. C. 
ENGLEFIELD, Bart. F. R. S. giving an account of his method 
of doing it by a ſcale and figure; which, though very eaſy 
when one is provided with ſuch a ſcale, appeared to me to be of 
leſs general uſe than by calculation; and I do not know that 
any thing of the kind 1s to be met with 1n any publication. 

Let the angle DLL, fig. 2. (which, ke conſtruction, is 
632? 26 60) be called - - > 4 

"The diagonal LL (whoſe extent, that 1s, NOR portion of 
a great circle it comprehends, muſt be known to the obſerver) 


be called - - - - - b 
The larger interval obſerved between the paſſage of a ſtar 
by an oblique and the horary wire (as bcY < = m 

The ſmaller ditto of the ſame ſtar (as cd 3 
The larger ditto of another ſtar (as g = - Þ 
The ſmaller ditto (as 54) - — n 


Then —_— tangent of the angle which LL makes 


with a parallel of declination : call this 4 
The angle 9 being thus found, then 


2.nG» xn. a+q 


x col. q. = difference in declination between the 
R x ſin, a 


two points on the vertical wire where 


thoſe 
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thoſe ſtars paſs it. N. B. This be- 
ing in time muſt be converted into 
degrees, and multiplied by coſine of 
declination as uſual, to give the true 

difference in declination between the 
3 ſtars. 
And the ſame expreſſion, viz. 


2. & ſin. 44 
RX fin. a4 


— 


x fin. q = the difference in & between thoſe two 


points; to be applied as a correction 
to the obſerved times, 
The ſame may be done by the larger intervals mz and u, only 


by ſubſtituting 4 - 9 1a the place of a+g, thus: 


2.MmOuxima—q 


ws „ col. q = difference in declination as above; 


or Ex fin. q= aſcenſional difference. 

If the ſtars differ too much in declination to come within 
the expreſſion above (as Ne 2. and 3.) then the differences of 
the angles D and E in declination and right aſcenſion may be 
found thus: 


2.6 - cof. q __ difference in declination between D and E; 
— 1 in- 5 their aſcenſional difference; 


and the difference of each ſtar from its reſpectively neareſt 
angle of the rhombus, may be deduced by the former expreſ- 
fion, leaving out the conſideration of the other ſtar, thus: 


nc 7 difference of the ſtar in declination 
R x fin. a 


from its neareſt angle. 
and. . X(fin.q=its difference in right aſcenſion. 
The application of theſe formulæ is very eaſy: for having 
ound g, if you ſet down its coſine iQ one column for dechna- 
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ference in declination between any two ſtars (or their dif- 
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tion, and its fine in another column for right aſcenſion, and 


under each the conſtant fin. a +9, and the arithmetical comp, 
of fin. a; theſe being added together will make two ſums, 
for the comparative obſervations of every ſtar which may paſs 
your field; and, unleſs your field be very large, and the decli- 
natiou of the ſtars very great, if to the column for declination 
vou add the coſine of declination of the center of your field, it 
will adapt itſelf to all the products. 


FRANCIS WOLLASTON. 


Charter-houſe-Square,, 
March 15, 1 78 & 


FOES TECH T 


SINCE the delivery of this Paper, it has occurred to me, 
that it may ſometimes be convenient to know the angle of 
deviation from the true equatorial pofition in the new fyſtem of 
wires. This is to be deduced nearly in the fame manner as in 


the rhombus; for = tang. 7. By this angle any obſerved 


differences in right aſcenſion may be corrected: for the dif- 


ference from the angle) multiplied by fin, 2, will give the cor- 
rection required. « 


L=< 
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XX. An Account of a Stag*s Head and Horns, found at Alport, 
in the Pariſh of Youlgreave, in the County of Derby. In a 
Letter from the Rev. Robert Barker, B. D. to John Jebb, M. D. 


F. R. S. 


Read April 14. 1785. 


A OUT five years ago, ſome men working in a quarry of 
that kind of ſtone which in this part of the country we call 
tuft *, at about five or fix feet below the ſurface, in a very 
ſolid part of the rock, met with ſeveral fragments of the horns 
and bones of one or different animals. Amongſt the reſt, out 
of a large piece of the rock, which they got entire, there ap- 
peared the tips of three or four horns, projecting a few inches 
from it, and the ſcapula of ſome animal adhering to the outſide 
of it. A friend of mine, to whom the quarry belongs, ſent 
the piece of the rock to me in the ſtate they got it, in which I let 
it remain for ſome time. But ſuſpecting that they might be tips 
of the horns of ſome head encloſed in the lump, I determined 
to gratify my curioſity by clearing away the ſtone from the 
horns. On doing which I found that the lump contained 
a very large ſtag's head, with two antlers upon each horn, in. 
very perfect preſervation, incloſed in it. 


3 . 
94 1 


* Tuft is a ſtone formed by the depoſit left by water paſſing through beds 


of ſticks, roots, vegetables, &c, of which there is a large ſtratum at Matlock 
Bath, in this county, 
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Though the horns are ſo much larger than thoſe of any ſtag 


I have ever ſeen, yet, from the ſutures in the ſkull appearing 


very diſtinct in it, one would ſuppoſe that it was not the head 
of a very old animal. I have one of the horns nearly entire, 


and the greateſt part of the other, but ſo broken in the getting 


out of the rock, that one part will not join to the other, as the 
parts of the other horn do. The horns are of that ſpecies 
which park-keepers in this part of the country call throſtle- neſt 
horns, from the peculiar formation of the upper part of them, 
which 1s branched out into a number of fhort antlers which form 
an hollow about large enough to contain a thruſh's neſt. I ſend 
you the dimenſions of the different parts of them, compared 
with the horns of the fame fpecies of a large ſtag, which have 


, probably hung in the place from whence | procured them twa 


or three or perhaps more centuries; and with another pair.of horns 
of a different kind, which are terminated by one ſingle pointed 
antler, and which were the horns of a ſeven-year-old ſtag; 
The river Larkell runs down the valley, and part of it falls 
into the quarry where thefe horns were found, the water of 
which has not the property of incruſting any bodies it paſſes 
through. It is therefore probable, that the animal to which 
theſe horns belonged was waſhed into the place where they 
were found, at the time of ſome of thofe convulſions which 


contributed to raiſe this part of the iſland out of the ſea. Be- 


ſides this complete head, I have ſeveral pieces of horns, bones 
(particularly the ſcapula I mentioned above), and ſeveral ver- 
tebræ of the back, found in the ſame quarry ; ſome, if not all, 


of them probably W to a animal whoſe head is in my 


poflefhon, 


Dimen- 


2 — 


— fre freed — 
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Dimenſions of the horns found at Alport. 


: #9 0 
Circumference at their inſertion into the corona, . © 92 
Length of the loweſt antler, . . #2 
Length of ſecond ditto, 1 . oO 111 
Length of third ditto, . 8 R = 
Length of the horn, . . . 9 
Dimenſions of a large pair of throfile-neft horns. 
1 Circumference at their inſertion into the corona, = 7 
e Length of the loweſt antler, . « . 3. 
0 Length of ſecond ditto, . . . o 104 
$ Length of third ditto, . . . O 114 
d Length of the horn, . . . „ 


Dimenfions of the horns of a flag ſeven years old. 


Circumference at their inſertion into the corona, . 
Length of the loweſt antler, . . . 


Length of ſecond ditto, . . . 
Length of third ditto, K . : 
Length of the horn, . . a 


Youlgreave, Jan. 23, 1785. 
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XX. An Arcounr of the ſenſitive Quality of the Tree Averrhoa 
Carambola. In a Leiter from Robert Bruce, M.D. to $i 
Joſeph Banks, Bart. P. R. S. 


Read April 14, 1785. 


HE Averrhoa Carambola of Linnzvs, a tree called in 
Bengal the Camruc or Camrunga, is poſſeſſed of a power 
ſomewhat ſimilar to thoſe ſpecies of Mimoſa which are termed 
ſenſitive plants; its leaves, on being touched, move very per- 
ceptibly. ; 

In the Mimoſa the moving faculty extends to the branches; 
but, from the hardneſs of the wood, this cannot be expected in 
the Camrunga. The leaves are alternately pinnated, with an 
odd one; and in their moſt common poſition in the day-time 
are Horizontal, or on the ſame plane with the branch from 
which they come out. On being touched, they move them- 
felves downwards, frequently in ſo great a degree that the two 
oppofite almoſt touch one another by their under ſides, and the 
young ones ſometimes either come into contact or even pals 
each other. | : 

The whole of the leaves of one pinna move by ſtriking the 
branch with the nail of the finger, or other hard ſubſtance; 
or each leaf can be moved ſingly, by making an impreſſion that 
ſhall not extend beyond that leaf, In this way, the leaves of 
one fide of the pinna may be made to move, one after another, 


whilſt the oppoſite continue as they were; or you may make 
them 


Dr. Bxucs's Account of, &. 


touching in a proper manner the leaf you with to put in mo- 


tion. But if the impreſſion, although made on a ſingle leaf, 


be ſtrong, all the leaves on that pinna, and ſometimes on the 
neighbouring ones, will be affected by it. 


What at firſt ſeemed ſurpriſing was, that notwithſtanding, 
this apparent ſenſibility of the leaf, I could with a pair of 


ſharp ſciſſars make large inciſions in it, without occaſioning the 


ſmalleſt motion; nay, even cut it almoſt entirely off, and the 


remaining part ſtill continue unmoved; and that then, by 


touching the wounded leaf with the finger or point of the 


ſciſſars, motion would take place as if no injury had been 
offered. But, on further examination, I found, that although 
the leaf was the oſtenſible part which moved, it was in fact 


entirely paſſive, and that the petiolus was the ſeat both of ſenſe. 
and action: for although the leaf might be cut in pieces, or 
ſqueezed with great force, provided its direction was not: 


changed, without any motion being occaſioned; yet, if the im- 


preſſion on the leaf was made in ſuch a way as to affect the 


petiolus, the motion took place. When, therefore, I wanted: 


to confine the motion to a ſingle leaf, I either touched it ſo as. 


only to affect its own. petiolus, or, without meddling with the 
leaf, touched the. petiolus with any fmall-pointed body, as a pin 
or knife. 

By compreſſing the univerſal petiolus near the place where 
a partial one comes out, the leaf moves in a few ſeconds, in the 
ſame manner as if you had touched the partial petiolus. 

Whether the impreſſion be made by puncture, percuſſion, or 
compreſſion, the motion does not inſtantly follow; generally 


| feveral ſeconds intervene, and then it is not by a jirk, but. 
regular, 


3 
tem move alternately, or, in ſhort, in any onder you pleaſe, by . 
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regular and gradual. Afterwards, when the leaves return to 
their former ſituation, which is commonly in a quarter of an 
hour or leſs, it is in ſo flow a manner as to be almoſt imper- 
ceptible. 5 
On ſticking a pin into the univerſal petiolus at its origin, 
the leaf next it, which is always on the outer fide, moves firſt; 
then the firſt leaf on the oppoſite ſide, next the ſecond leaf on 
the outer, and ſo on. But this regular progreſſion ſeldom con- 


tinues throughout; for the leaves on the outer ſide of the pinna 


ſeem to be affected both more quickly, and with more energy, 
than thoſe of the inner, ſo that the fourth leaf on the outer 
ſide frequently moves as ſoon as the third on the inner; and 
ſometimes a leaf, eſpecially on the inner fide, does not move 
at all, whilſt thoſe above and below it are affected in their pro- 
per time. Sometimes the leaves at the extremity of the petio- 
lus move ſooner than ſeveral others which were nearer the 
place where the pin was put in. 

On making a compreſſion with a pair of pincers on the uni- 
verſal petiolus, between any two pair of leaves, thoſe above 
the compreſſed part, or nearer the extremity of the petiolus, 
move ſooner than thoſe under it, or nearer the origin ; and fre- 
quently the motion will extend upwards to the extreme leaf, 
whilſt below it perhaps does not go farther than the neareſt 
pair. 

If the leaves happen to be blown by the wind againſt one 
another, or againſt the branches, they are frequently put in 
motion; but when a branch is moved gently, either by the 
hand or the wind, without ſtriking againſt any thing, no 
motion of the leaves takes place. 

When left to themſelves in the day- time, ſhaded from the 
fun, wind, rain, or any diſturbing cauſe, the appearance of 


1 


7 the 


on it, but there was no cauſe to be perceived. 


aptitude for motion. . : 


but in a much leſs degree than formerly. 
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ſenſitive Quality of the Averrhoa Carambola. 


the leaves is different from that of other pinnated plants. In , 
the laſt a great uniformity ſubſiſts in the reſpective poſition of, 

the leaves on the pinna; but here ſome will be ſeen on 5 
horizontal plane, ſome raiſed above it, and others fallen under 
it; and in an hour or ſo, without any order or regularity, which... 
I could obſerve, all theſe will have changed their reſpeQive_ 
poſitions: I have ſeen a leaf, which was high up, fall down; 
this it did as quickly as if a ſtrong impreſſion. had becu made 


33A. 


Cutting the bark of the branch down to the wood, and eren 
ſeparating it about the ſpace of half an inch all round, fo as to 
ſtop all communication by the veſſels of the bark, does not for 
the firſt day affect the leaves, either in their poſition or theit | 


In. a branch, which I cut through in fuch a manner as to 
leave it ſuſpended only by a little of the bark no thicker than a 
thread, the leaves next day did not rife ſo high as the others; 
but they were green and freſh, and, on being touched, moved, 


After ſun · ſet the leaves go to ſleep, firſt moving down ſo as 
to touch one another by their under ſides; they therefore per- 
form rather more extenſive motion at night of themſelves than 
they can be made to do in the day- time by external impreſſions. 
With a eonvex lens I have collected the rays of the ſun olf a 
leaf, fo as to burn a hole in it, without occaſioning any motion. 
But when the experiment is tried on the petiolus, the motion is 
as quick as if from ſtrong percuſſion, although the rays were 
not ſo much concentrated as to cauſe pain when applied in the 
ſame degree on the back of the hand; nor had the texture of 


the petiolus been any ways changed by this; for next day it 


could 
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They may be preſſed down gently, fo as to remain; and then, 
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could not be diſtinguiſhed, either by its appearance or moving 
power, from thoſe on which no experiment had been made. 
The leaves move very faſt from the electrical ſhock, even 
although a very gentle one; but the ſtate of the atmoſphere 
was ſo unfavourable for experiments of this kind, that 1 could 
not purſue them ſo far as I wiſhed. 

There are two other plants mentioned as ſpecies of this 
genus by Linnzvs. The firſt, the Averrhoa Bilimbi, I have 
not had an opportunity of ſeeing. The other, or Averrhoa 
Acida, does not ſeem to belong to the ſame claſs 5 nor do its 
leaves poſſeſs any of the moving properties of the Carambola. 
LinNzvs's generic deſcription of the Averrhoa, as of many 
other plants in this country which he had not an opportunity of 
ſeeing freſh, is not altogether accurate. The petals are con- 
need by the lower part of the Jamina, and in this way they 
fall off whitit the ungues are quite diſtinct. The ſtamina are 
in five pairs, placed m the angles of the germen. Of each 
pair only one ſtamen is fertile, or furniſhed with an anthera. 
The filaments are curved, adapted to the ſhape of the germen. 


when moved a little upwards, rife with a ſpring. The fertile 
are twice the length of thoſe deſtitute of antheræ. 


Calcutta, Nov, 235 1783. 
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XXI. An Account of ſome Experiments on the Loſs of Weight in 
Bodies on being melted or heated. In a Letter from Geotge 
Fordyce, M.D. F.R.S. to Sir Joſeph Banks, Bart. P.R.S. 


Read April 28, 1785. 


8 IR, 
LTHOUGH I have made many experiments on the 
ſubject of the loſs of weight in bodies on being melted, 
or heated, I do not think it worth while to lay them all before 
the Society, as there has not appeared any circumſtance of 
contradiction in them. I ſhall content myſelf with relating the 
following one, which appears to me concluſive in determining 
the loſs of weight in ice when thawed into water, and ſubject 
to the leaſt fallacy of any I have hitherto made, in ſhewing the 
loſs of weight in ice on being heated. 

The beam I made uſe of was fo adjuſted as that, with a 
weight between four and five ounces in each ſcale, e part 
of a grain made a difference of one diviſion on the index. It 
was placed in a room, the heat of which was 37 degrees of 
FAHRENHREI T's thermometer, between one and two in the after- 
noon, and left till the whole apparatus and the braſs weights 
acquired the ſame temperature. 

A glaſs globe, of three inches diameter nearly, with an 
indentation at the bottom, and a tube at the top, weigh- 
ing about 45 1 grains, had about 1700 grains of Ner- River 
water poured into it, and was hermetically ſealed, ſo that the 

B b baz whole, 


362 Dr. Forpyce's Experiments on the Loſs of 
whole, when perfectly clean, weighed 215033 of a grain 
exactly ; the heat being brought to 32 degrees, by placing it in 
a cooling mixture of ſalt and ice till it juſt began to freeze, ayd 
ſhaking the whole together. 

After it was weighed it was again put into the freezing mix- 
ture, and let ſtand for about twenty minutes; it was then 
taken out of the mixture; part of the water was found to be 
frozen; and it was carefully wiped, firſt with a dry linen cloth, 
and afterwards with dry waſhed leather; and on putting it into 
the ſcale it was found to have gained about the , part of a grain. 
This was repeated five times: at each time more of the water 
was frozen, and more weight gained. In the mean time the 
heat of the room and apparatus had ſunk to the n 
point. 
When the whole was frozen, it was carefully wiped and 
-weighed, and found to have gained .?, of a grain and four di- 
viſions of the index. Upon ſtanding in the ſcale for about a 
minute, 1 found it began to lofe weight, on which I imme- 


I alſo immediately plunged a thermometer in the freezing 
mixture, and found the temperature 10 degrees; and on put- 
ting the ball of the thermometer in the hollow at the bottom 
of the glaſs veſſel, it ſhewed 12 degrees. I left the whole for 
half an hour, and found the thermometer, applied to the hol- 
low of the glaſs, at 32% Every thing now being at the ſame 
temperature, I weighed the glaſs containing the ice, after wiping 
it carefully, and found it had loſt , and five diviſions ; ſo. that 


it weighed = 2; all but one * more than when the water 
Was fluid. 


I now melted the! ice, excepting a very ſmall quantity, and 
"it a glaſs veflel expoſed. to the air in the temperature of 32 
degrees 


diately took it out, and placed it at a diſtance from the beam. 
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degrees for a quarter of an hour; the little bit of ice continued 
nearly the fame. I now weighed it, after carefully wiping the 
glaſs, and found it heavier than the water was at firſt one divi- 
fon of the beam. Laſtly, I took out the weights, and found 
the beam exactly balanced as before the experiment. | 
The acquiſition of weight found on water's being converted 
into ice, may ariſe from an increaſe of the attraction of gravi- 
tation of the matter of the water; or from ſome ſubſtance im- 
bibed through the glaſs, which is neceſſary to render the water 
—_ | a 

Which of theſe poſitions is true may be determined, by 
forming a pendulum of water, and another of ice, of the ſame 
length, and in every other reſpect ſimilar, and making them 
ſwing equal arcs. If they mark equal times, then certainly 
there is ſome matter added to the water. If the pendulum of 
ice 1s quicker in its vibrations, then the attraction of gravita- 
ton is increaſed. For there is no poſition more certain, than 
that a ſingle particle of inanimate matter is perfectly incapable 
of putting itſelf in motion, or bringing itſelf to reſt; and 
therefore, that a certain force applied to any maſs of matter, 
ſo as to give it a certain velocity, will give half the quantity of 
matter double the velocity, and twice the quantity, half the 
velocity ; and, generally, a velocity exactly in the inverſe pro- 
portion to the quantity of matter. Now, if there be the ſame - 
quantity of matter in water as there is in ice, and if the force 
of gravity in water be 4; part leſs than in ice, and the 
_ pendulum of ice ſwing ſeconds, the pendulum of water will 
boſe ee of a ſecond in each vibration, or one ſecond in 
25000, which is almoſt three ſeconds a day, a quantity eaſily 
meaſured, 


= | I halt 
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I ſhall juſt take notice of an opinion which has been adopted 
by ſome, that there is matter abſolutely light, or which repels 
inſtead of attracting other matter. I confeſs this appears ab- 
ſurd to me; but the following experiment would prove or dif. 
prove it. Suppoſing, for inſtance, that heat was a body, and 
abſolutely light, and that ice gained weight by loſing heat; 
then a pendulum of ice would ſwing through the ſame arc in 
+5: leſs time than a fimilar pendulum of water; for the 
fame power would not only act upon a leſs quantity of matter, 
but a counter- acting force would alto be taken away. 

Till the experiment of the pendulum can be made, or ſome 
other equally certain be ſuggeſted and made, it would be waſt- 
ing time to enter into conjecture about the cauſe of the gain of 
weight in the converſion of water into ice in a glaſs veſlel her- 
metically ſealed. 
I ſhall only obſerve, that heat certainly diminiſhes the at. 
trations of coheſion, chemiſtry, magnetiſm, and electricity; 
and if it ſhould alſo turn out, that it diminiſhes the attraction 
of gravitation, I ſhould not heſitate to conſider heat as the 
quality of diminution of attraction, which would in that caſe 
account for all its effects. | 
We come, in the next place, to take notice of the ſecond 
part of the experiment, vix. that the ice gained an eighth part 
of a grain on being cooled to 12 degrees of FAHRENHEIT 5 
thermometer. In this caſe, a variation may ariſe from the con- 
traction of the glaſs veſſel, and conſequent increaſe of ſpecific 
gravity in proportion to the air. But it is unneceſſary to ob- 
ſerve, that this would be ſo very ſmall a quantity as not to be 
obſervable upon a beam adjuſted only to the degree of ſenſibility 
with which this experiment was tried. In the ſecond place, 
the air cooled by the ice above the ſcale becoming heavier thi 
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the ſurrounding atmoſphere, would preſs upon the ſcale down- 
ward with the whole force of the difference. If a little-more 
than half a pint of air was cooled over the ſcale to the heat of 
the ice and glafs containing it, that is, twenty degrees below 
the freezing point, the difference, according to General Roy's 
table, would have been the eighth part of a grain, which 
was the weight acquired ; but the air within half an inch of 
the glaſs veſſel being only one degree below the freezing point, 
] cannot conceive, that even an eighth part of a pint of air 
could be cooled over the ſcale to twenty degrees below the 
freezing point; nor that the whole difference of the weight of 
the air over the ſcale could ever amount to the 32d of a grain. 
I have, however, contrived an apparatus which is executing, in 
which this cauſe of fallacy will be totally removed. I ſhall, 
therefore, reſt at preſent the ſtate of this part of the ſubject; 
and leave it only proved, that water gams weight on being 
frozen, 
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XXI . Sketches aud Deſcriptions of three ſunple Inflruments 1 
drawing Architecture and Machinery in Perſpective. By Mr, 
b ames Peacock; communicated by Robert Mylne, Eſq. F.R. $. 
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OME of the following machines muſt be placed upon the 
front edge of the table upon which they are to ſtand. 
The ſights may be ſupported by a three-legged ſtaff. 

The ſtocks of the ſquares or indexes may have ſteel ſprings 
upon their edges, 1 in order to keep them in any aff Igned part of , 
the gropves in which they are to {lide. 


FIG. 1. (TAB. XIII.) ————— 

ABCD a drawing board, to be fixed ona table or ſtand, &c. 
in a vertical poſition. AB a fliding-piece for the top of the T 
ſquare, having a rebate therein to form a groove, as expreſſed 
by the dotted line. CD, ſliding- piece for the bottom of the ſquare, 
having a rebate therein to form a groove for the reception of 
the ſtock as deſcribed by the dotted line; this ſliding - piece to 
be of ſufficient length to receive and ſupport the ſaid ſtock 
when the blade of the ſquare is coincident with the lines 
KNFH or LNGI. E a hole to receive the arm or ſlider of the 
ſight· piece, to be conſtructed in the ufual manner. FGHI an 
opening forming the field of view for the prototype. KLMN a 
ſheet of paper fixed on the upper part of the board for the 
copy, the four inner lines whereof form and incloſe a ſpace of 
the 
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the ſame dimenſions as the field of view reſpectively. OP a 
ſteel ſliding- piece, cqual in length to the diſtance KF or IN; 
at the lower end P is a ſteel arm terminating in a point; and at 
the upper end, at O, is a ſimilar arm, terminating with a braſs 
button, in the center of which is a ſharp ſteel pricker ; the ſaid 
pricker and the point P are to be equi-diſtant from the edge of 
the blade of the ſquare : this arm O is to have the faculty of a 
ſpring, in order that the pricker may clear itſelf of the ſurface of 
the paper as ſoon as the finger quits the button, in the ſame man- 
ner as is uſual in the apparatus of large protractors. This ſliding 
ſteel· piece may be drawn out of the dove-tailed or rebated 


groove at pleaſure, and the T ſquare will then be fit for ordi- 
nary uſes. 


To uſe the Tyfrument 


Having fixed the board truly level and perpendicular, + 
placed the point of fight, or hole for viſion, at ſuch a height and 
diſtance as ſhall be productive of the beſt effect, move the 
(quare with one hand, and the ſteel ſlider with the other, until 
the point P coincides with the eye and any point or angle 1 in 
the original object. Preſs the pricker at O, and the puncture 
will be the true place, or copy, of ſuch original point or angle, &c. 

N. B. All perpendicular lines may be drawn at once (in 
pencil), by bringing the left-hand edge of the ſquare to coin- 
cide with the original line and the eye; and their lengths may 
be very nearly determined by the graduated edge of the ſquare, 
fo as to prevent confuſion from unneceſſary lengths of lines. 


The faid graduated edge will * give the points in all en 
or irregular objects. 3 


4 
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E 3 F 18. I. 4 x3v.) 
1 ha TORY fig. 1. proceeds chiefly by finding the po- 
Sons of Points, this is cantrived to find the poſitions of Lines, 
and to determine their limits by their reciprocal interſections. 
ABO CDE is a compound board, to be placed in a vertical 
poſition. FGHI is the opening, or field of view. KLMN is a 
looſe board, upon which paper is to be fixed; and the edges of 
the ſaid board are to be rebated, as defcribed in the plan at zz. 
XYMN and OPQR are grooved recefles, to receive the ſaid 
looſe board, as occaſion may require. STUW 1s a moveable 
parallelogram, compoſed of a rebated ſtock SU, two like - gra- 
duated rulers ST and UW, and the regulating piece TW; 
the whole connected with ſcrews, ſo as to move freely with a 
ſmall force; and the diſtances between the centers of motion 


SU or TW to be equal to KF or HQ. AE and ED are rebated 
grooves, in which the ſtock of the parallelogram 1s to move. 


To uſe the Inſtrumeni. 


Having fixed the compound board ABOCDE truly vertical, 
flip the papered board KLMN into the receſs XYMN, or 
OPQR, as the ſubject to be drawn may render firſt neceſſary, 
and ſlide the ſtock SU of the parallelogram into the groove AE, 
or ED, to correſpond therewith ; then, by moving the ſtock in 
the groove with one hand, and at the ſame time regulating the 
parallelogram with the other, the top edge of the ruler UW 
may be brought to coincide with any line in the original object, 
and the figured divifions on the edge of the ruler will at the 
ſame time determine the limits thereof, near enough to avoid 4 
confuſion of unneceſſary lengths of line, &c. The true repre- 

4 | 5 ſentation 
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ſentation of the place and poſition of the line may be then 


the diviſions on the rulers. 


upon the upper edge thereof, and divide each of them into any 
convenient number of equal parts, and figure the ſaid parts in 


upon the paper KLMN in their proper places, and (by means 
of the diviſions on the edge of the ſquare) neaily of (though 
properly a trifle more than) their true length. All the lines of 
this deſcription being obtained, the ſhifting board muſt be 
placed in its other receſs, and the ſtock of the ſquare into the 


edge of the ſquare to agree with its limits, and mark them off 
upon the line on the paper, and ſo of all the reſt in ſucceſſion; ; 


F 16. III. (TAB. XIV.) | 


Ccc2: | to 


drawn upon the paper, by the top edge of the ruler ST, a trifle . 
longer at each extremity than it appears to be. This operation 
may be repeated for as many lines as can be obtained in the . 
firſt poſition of the papered board and parallelogram ; when they 
muſt be ſhifted into the other receſs and groove, to find the reſt, 
which may be now done without taking any further notice of 


N. B. A common T ſquare, applied to a board of this kind, 
will anſwer moſt purpoſes. For example: place the ſtock of 


ſuch a ſquare in one of the grooves, having a blade not leſs 
than the length HK or HR; mark the ſpaces HI and OR 


the uſual manner, to correſpond with each other, as may be 
ſen in fig. 1. Now, ſuppoſe the ſtock of the ſquare to be in 
ED, it is plain, that all perpendicular lines may be drawn. 


other groove; then, beginning with the firſt line, bring the 


and join the points, where neceflary, with a common ruler. 


This apparatus 1s contrived to avoid the trouble of conti- 
nually working 2gainſt a board in a vertical politzon. In order 
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to this, two ſquare | boards are to be provided, equal i in ſize, and 
of ſimilar conſtruction; one is to be fixed in a vertical poſition, 
for viewing the original object through a proper aperture; and 
the other is to be laid flat upon a deſk or table, for the greater 


_ eaſe and conveniency of drawing the copy upon 8 to be 


fixed thereon for that purpoſe. 

ABCD is the vertical board; EFGH the opening therein, 
forming the field of view; IKL the T ſquare, the blade 
thereof PL being moveable about the center P, with a mode- 
rate degree of ſtiffneſs; the ſtock K is to ſlide in a rebated or 
dove-tail groove AD, and be fixable to any part thereof by the 
ſcrew O; the ſteel points MN are to move with moderate eaſe: 
in a rebated or dove-tail braſs groove in the middle of the 
blade of the ſquare ; upon the back of the groove AD are to be 
fixed two braſs pins QQ, to reſt in proper holes, ſimilar to 
the holes marked RR; and the ſame kind of holes are to be made 
in the corner of the board whereon the copy is-to be made. 


To uſe the Machine. 


Having placed the board ABCD in a truly vertical poſition, 
fix the ſhifting groove AD in the rebate, on the moſt conve- 


nient fide of the board, by means of entering the pins Q into 
the holes R; then looſen the ſcrew O, and move the ſtock 


IK, and at the ſame time turn the blade PL upon its center P, 
until one of its edges ſhall be coincident with ſome original 
line; then fix the ſtock by turning the ſcrew O; move the 
points M and N, till they exactly include the apparent length of 
the ſaid line; then take off the ſhifting groove AD, together 
with the T ſquare or bevil fixed thereto, and apply the ſame to 
the 
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for grawing in Perſpefive. 371 
the correſponding fide of the board on your deſk or table, and 
draw the line of its preciſe length and poſition. 

N. B. If this is thought too operoſe, the - braſs groove and 
fliding pieces M, N, may be rejected, and the blade of the 
ſquare may be graduated on one or both of its edges at pleaſure ; 
and all lines in the ſame direction may be drawn thereby exactly 
as to their poſitions, and nearly, though ſomewhat exceeding, 
their lengths “; and their preciſe lengths may be determined at 
the ſame time the lines in the contrary poſitions are drawn, 


whoſe lengths will be given at the ſame time by the lines firſt 
drawn. | 


* This will. be effected, by noticing the numbers upon the blade, and taking 
thoſe next beyond the apparent limits of the line; and by this means the drawing 
will advance without the leaſt confuſion, 
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XXIII. Experiments on Air. 
_ Py Henry Cavendiſh, Ei. F. R. S. and A.. 


Read June 2, 1785. 


INa Paper, printed in the laſt volume of the Philoſophical 
Tranſactions, in which I gave my reaſons for thinking that 
the diminution produced in atmoſpheric air by phlogiſtication 
is not owing to the generation of fixed air, I ſaid it ſeemed moſt 
likely, that the phlogiſtication of air by the electric ſpark was 
owing to the burning of ſome inflammable matter in the appa- 
ratus; and that the fixed air, ſuppoſed to be produced in that 
proceſs, was only ſeparated from that inflammable matter by 
the burning. At that time, having made no experiments on 
the ſubject myſelf, I was obliged to form my opinion from 
thoſe already publiſhed; but I now find, that though I was 
right in ſuppoſing the phlogiſtication of the air does not pro- 
.ceed from phlogiſton communicated to it by the electric ſpark, 
and that no part of the air is converted into fixed air; yet that 
the real cauſe of the diminution is very different from what I 
ſuſpected, and depends upon the converſion of phlogiſticated 
air into nitrous acid. 

The apparatus uſed in making the experiments was as follows. 
The air through which the ſpark was intended to be paſſed, was 
confined in a glaſs tube M, bent to an angle, as in fig. 1. (tab- 
XV.) which, after being filled with quickſilver, was inverted 


into two glaſſes of the ſame fluid, as in the figure. The air to 
be 


4 Ws — ia. 9 8 


is uſed for thermometers, bent in the manner repreſented by 
ABC (fig. 2.) the bent end of which, after | being previouſly 
filled with quickſilver, was introduced, as in the figure, under 
the glaſs DEF, inverted into water, and filled with the proper 
kind of air, the end C of the tube being kept ſtopped by the 


finger; then, on removing the finger from C, the quickſilver 


in the tube deſcended in the ley BC, and its place was ſupplied. 


with air from the glaſs DEF. Having thus got the proper 
quantity of air into the tube ABC, it was held with the end C 
uppermoſt, and ſtopped with the finger ; and the end A, made 
ſmaller for that purpoſe, being introduced into one end of the 


bent tube M, (fig. 1.) the air, on removing the finger from C, . 
was forced into that tube by the preſſure of the quickſilver in 


the leg BC. By theſe means I was enabled to introduce the 


exact quantity I pleaſed of any kind of air into the tube M; 
and, by the ſame means, I could let up any quantity of ſoap- 
lees,or any other liquor which I wanted to be in contact with 


the air. 


In one caſe, however, in which I wanted to introduce air 


into the tube many times in the ſame experiment, I uſed the 


apparatus repreſented in fig. 3. conſiſting of a tube AB of a 


imall bore, a ball C, and a tube DE. of a larger bore. This 


apparatus was firſt filled with quickſilver; and then the ball 


C, and the tube AB, were filled with air, by introducing the 
end A under a glaſs inverted into water, which contained the 
proper kind of air, and drawing out the quickſilver from the 
leg ED by a ſyphon. After being thus furniſhed with air, the 
apparatus was weighed, and the end A introduced into one end 
of the tube M, and kept there during the experiment; the 


way of forcing air out of this _—_— into the tube being by 
thruſting 
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de tried was then introduced by means of a ſmall tube, ſuch as 
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thruſting down the tube ED a wooden cylinder of ſuch a ſize 
as almoſt to fill up the whole bore, and by occaſionally pouring 
quickſilver into the ſame tube; to ſupply the place of that 
After the experiment was finiſhed, the 


puſhed into the ball C. 
apparatus was weighed again, which ſhewed exactly how much 
air had been forced into the tube M during the whole experi- 
ment; it being equal in bulk to a quantity of quickſilver, whoſe 
weight was equal to the increaſe of weight of the apparatus. 

The bore of the tube M uſed in moſt of the following ex- 
periments, was about one-tenth of an inch; and the length of 
the column of air, occupying the upper part of the tube, was 
in general from 14 to 2 of an inch. 

It is ſcarcely neceſſary to inform any one uſed to electrical 
experiments, that in order to force an electrical ſpark through 
the tube, it was neceflary, not to make a communication be- 
tween the tube and the conductor, but to place an inſulated ball 
at ſuch a diſtance from the conductor as to receive a ſpark from 
it, and to make a communication between that ball and the 
quickſilver in one of the glaſſes, while the quickſilver in the 
other glaſs communicated with the ground, 


I now proceed to the. experiments. 8 
When the electric ſpark was made to paſs through common 
air, included between ſhort columns of a ſolution of litmus, 
the ſolution acquired a red colour, and the air was diminiſhed, 
conformably to what was obſerved by Dr. PRIESsTLEx. 


When lime- water was uſed inſtead of the ſolution of litmus, 


and the ſpark was continued till the air could be no further di- 
miniſhed, not the leaſt cloud could be perceived in the lime- 
water; but the air was reduced to two-thirds of its original 


bulk ; which is a greater diminution than it could have ſuffered 


by mere phlogiſtication, as that is very little more than one- 
fifth of the whole. 'The 
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The experiment was next repeated with ſome impure de- 


phlogiſticated air. The air was very much diminiſhed, but 


without the leaſt cloud being produced in the lime- water. Nei- 


ther was any cloud produced when fixed air was let up to it; 


but on the further addition of a little cauſtic volatile alkali, a 


brown ſediment was immediately perceived. 

Hence we may conclude, that the lime-water was ſaturated 
by ſome acid formed during the operation; as in this caſe it is 
evident, that no earth could be precipitated by the fixed air 
alone, but that cauſtic volatile alkali, on being added, would 
abſorb the fixed air, and thus becoming mild, would imme- 
diately precipitate the earth; whereas, if the earth in the lime- 
water had not been ſaturated with an acid, it would have beet: 
precipitated by the fixed air. As to the brown colour of the 
ſediment, it moſt likely proceeded from ſome of the quickſilver 
having been diffolved. 

It muſt be obſerved, that if any fixed air, as well as acid, had 
been generated in theſe two experiments with the lime-water, 
1 cloud muſt have been at firſt perceived in it, though that 
cloud would afterwards diſappear by the earth being re-diflolved 
by the acid ; for till the acid produced was ſufficient to diliolve 
the whole of the earth, ſome of the remainder would be pre- 


cipitated by the fixed air; ſo that we may ſafely conciude, that 


no fixed air was generated in the operation. 

When the air is confined by ſoap-lees, the diminution pro- 
czeds rather faſter than when it is confined by lime- water; for 
which reaſon, as well as on account of their containing ſo 
much more alkaline matter in proportion to their bulk, foap- 
ics ſeemed better adapted for experiments deſigned to inveſti- 


gate the nature of this acid, than lime-water. I accordingly 
made ſome experiments to determine what degree of purity the 
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air ſhould be of, in order to be diminiſhed moſt readily, and to 
the greateſt degree; and I found, that, when. good dephlogiſti. 
eated air was uſed, the diminution was but ſmall ; when per. 
fectly phlogiſticated air was uſed, no ſenfible diminution took 
place; but when five parts of pure dephlogiſticated air were 
mixed with three parts of common air, almoſt the whole of 
the air was made to diſappear. | 

It muſt be conſidered, that common air conſiſts of one part 
of dephlogifticated air, mixed with four of phlogiſticated; fo 
chat a mixture of ive parts of pure dephlogiſticated air, and 
three of common air, is the ſame thing as a mixture of ſeven 
parts of dephlogiſticated air with three of phlogiſticated. 

Having made theſe previous trials, I introduced into the tube 
a little ſoap-lees, and then let up ſome dephlogiſticated and 
common air, mixed in the above-meationed proport:ons, which 
riſing to the top of the tube M, divided the ſoap-lees 1nto its 
two legs. As faſt as the- air was diminiſhed by the electric 
ſpark, I continued: adding more of the ſame kind, till no fur- 
ther diminution took place: after which a. little pure dephlo- 
giſticated air, and after that a little common air, were added, 
in order to ſee whether the ceſſation of diminution was not: 


owing to ſome imperfection in the proportion of the two kinds 
of air to each other; but without effect *; The ſoap- lees being 
then poured out of the tube, and. ſeparated from the quick- 


* From what follows it appears, that the reaſon why the air ceaſed to diminiſh 
was, that-as the ioap-lces were then become neutralized, no alkalt remained to ab- 


ſorb the acid formed by the operation, and in conſequence ſcarce avy air was turned 
into acid. The ſpark, however, was. not continued long enough after the appa- 


rent ceſſation of diminution, to determine with certainty, whether it was only 


that the diminution went on remarkably flower than before, or that it was almoſt 
some to a ſtand, and could not have been carried much farther, though I had: 


perfilted in paffing the ſparks. 
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flver, ſeemed to be perfectly neutralized, as they did not at all 
diſcolour paper tinged with the juice of blue flowers. Being 
eraporated to dryneſs, they left a ſmall quantity of ſalt, which 
was evidently nitre, as appeared by the manner in which paper, 
impregnated with a ſolution of it, burned. 

For more ſatisfaCtion, I tried this experiment over again on a 
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of larger ſcale. About five tunes the former quantity of ſoap-lees | 

were now let up into a tube of a larger bore; and a mixture of 
* dephlogiſticated and common air, in the ſame proportions as 1 
© before, being introduced by the apparatus repreſented in fig. 3. a 
- the ſpark was continued till no more air could be made to di ſap- | 


pear. The liquor, when poured out of the tube, ſmelled evidently 
of phlogiſticated nitrous acid, and being evaporated to dryneis, 
fielded 1 +. gr. of ſalt, which is pretty exactly equal in weight to 
the nitre which that quantity of ſoap-lees would have afforded if 
ſaturated with nitrous acid. This ſalt was found, by the man- 


32 * * 


it p * . . * * * 
oer in which paper dipped into a ſolution. of it burned, to be 
ic 1 
true nitre. It appeared, by the teſt of terra ponderoſa ſalita, to 
[= . . . . . | 
contain not more vitriolic acid than the ſoap-lees themſelves 
o- a 5 ; : 
, contained, which was exceſſively little; and there is no reaſon 
: tb think that any other acid entered into it, except the nitrous. 
OL: | . = / 
þ A circumſtance, however, occurred, which at firſt ſeemed 
8 


tb ſhew, that this ſalt contained ſome marine acid; namely, | b 
'S> n evident precipitation took place when a ſolution of ſilver | 
was added to ſome of it diflolved in water; though the ſoap- | 
ſh kes uſed in its formation were perfectly free from marine acid, 
ad though, to prevent all danger of any precipitate being 
formed by an exceſs of alkali in it, ſome purified nitrous acid 
iy had been added to it, previous to the addition of the ſolution 1 
oft Nef filver. On conſideration, however, J ſuſpected, that this = 
precipitation might ariſe from the nitrous acid in it being phlo- 
Ddd 2 giſticated; 
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giſticated; and therefore I tricd whether nitre, much phlogiſſi 
cated, would precipitate ſilver from its ſolution. For this pur. 
poſe I expoſed ſome nitre to the fire, in an earthen retort, till i 
had yielded a good deal of dephlogiſticated air; and then, hay. 
ing diflolved it in water, and added to it ſome well purificd 
ſpirit of nitre till it was ſenſibly acid, in order to be certain 
that the alkali did not predominate, I dropped into it ſome 
ſolution of filver, which immediately made a very copious pre. 
cipitate. This ſolution, however, being deprived of ſome of 
its phlogiſton by evaporation to drynefs, and expoſure for a fey 
weeks to the air, loſt the property of precipitating filver from 
its ſolution ; a proof that this property depended only on it; 
phlogiſtication, and not on its having abſorbed ſea-ſalt front 
the retort, or by any other means. 

Hence it 1s certain, that nitre, when much phlogiſticated, is 
capable of making a precipitate with a ſolution of ſilver; and 
therefore there is no reaſon to think, that the precipitate, 
which our ſalt occaſioned with a ſolution of filver, proceeded 
from any other cauſe than that of its being phlogiſticated; 
eſpecially as it appeared by the ſmell, both on firſt taking i 
out of the tube, and on the addition of the ſpirit of nitre, 
previous to dropping in the ſolution of filver, that the acid in 
it was much phlogiſticated. This property of phlogiſticated 
nitre 1s worth the attention of chemiſts ; as otherwiſe they may 
lometimes be led into miſtakes, in inveſtigating the preſence of 
marine acid by a ſolution of filver. 

In the above-mentioned Paper I ſaid, that when nitre is deto 
nated with charcoal, the acid is converted into phlogiſticatd 
air; that is, into a ſubſtance which, as far as I could perceibe, 
poſſeſſes all the properties of the phlogiſticated air of our it 
moſphere ; from which I concluded, that phlogiſticated ail 

5 ; nothing 
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nothing elſe than nitrous acid united to phlogiſton. According 


to this concluſion, phlogiſticated air ought to be reduced to 
nitrous acid' by being deprived of its phlogiſton. But as de- 
phlogiſticated air is only water deprived of phlogiſton, it is 
plain, that aiding dephlogiſticated air to a body, is equivalent 
to depriving it of phlogitton, and adding water to it; and 
therefore. phlogiſticated air ought alſo to be reduced to nitrous 
acid, by being made to unite to, or form a chemical combina- 
tion with, dephlogiſticated air; only the acid formed this way 
will be more dilute, than if the phlogiſticated air was imply 
deprived of phlogiſton. 3 
This being Fm we may ſafely conclude, that in the 
preſent experita-nts the phlogiſticated air was enabled, by 
means of the electrical ſpark, to unite to, or form a chemical 
combination with, the dephlogiſticated air, and was thereby 
reduced to nitrous acid, which united to the ſoap-lees, and 
formed a ſolution of nitre; for in theſe experiments thoſe two 


airs actually diſappeared, and nitrous acid was actually formed 
in their room; and as, moreover, it has juſt been ſhewn, from _ 


other ciicumſtances, that phlogiſticated air muſt form nitrous acid, 
when combined with dephlogiſticated air, the above-mentioned 


opinion ſeems to be ſufficiently eſtabliſhed. A further confirma- 


tion of it is, that, as far as I can perceive, no diminution of air is 
produced when the electric ſpark is paſſed either through pure 
dephilegiſticated air, cr through perfectly phlogiſticated air; 
which indicates the ncceſi ty of a combination of theſe two 
airs to produce the acid. Morcover, it was found in the laſt 


experiment, that the quantity of nitre procured was the ſame 
that the ſoap-lees would have produced if ſaturated with ni- 


trous acid; which ſhews, that the production of the nitre was 
not owing to any decompoſition of the 1oap-lees, 


It 


% 
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It may be worth remarking, that whereas in the detonation 
of nitre with mflammable ſubſtances, the acid unites to phlo- 
giſton, aud forms phlogiſticated air, in theſe experiments the 
reverſe of this proceſs was carried on; namely, the phlogiſti- 
cated air united to the dephlogiſticated air, which is equivalent 
to being deprived of its phlogiſton, and was reduced to nitrous 
acid. 

In the above-mentioned Paper I alſo gave my reaſons for 
thmking, that the ſmall quantity of nitrous acid, produced by 
the exploſion of dephlogiſticated and inflammable air, pro- 
ceeded from a portion of phlogiſticated air mixed with the de- 
phlogiſticated, which I ſuppoſed was deprived of its phlogiſton, 
and turned into nitrous acid, by the action of the dephlogiſti- 
cated air on it, aſſiſted by the heat of the exploſion. This 
opinion, as muſt appear to every one, 1s confirmed in a re- 
markable manner by the foregoing experiments; as from them 
it is evident, that dephlogiſticated air is able to deprive phlo- 
giſticated air of its phlogiſton, and reduce it into acid, when 
aſſiſted by the electric ſpark; and therefore it is not extraordi- 
nary that it ſhould do fo, when aſſiſted by the heat of the 
exploſion. 

The ſoap-lees uſed in the foregoing experiments were made 
from ſalt of tartar, prepared without nitre ; and were of ſuch 
a ſtrength as to yield one-tenth of their weight of nitre when 
ſaturated with nitrous acid. The dephlogiſticated air alſo was 
prepared without nitre, that uſed in the firſt experiment with 
the ſoap-lees being procured from the black powder formed by 
the agitation of quickſilver mixed with lead *, and that uſed 


* This air was as pure as any that can be procured by moſt proceſſes. I pro- 
poſe giving an account of the experiment, in which it was prepared, in a future 
Paper. 


in 
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in the latter from turbith mineral. In the firſt experiment, the 
quantity of ſoap- lees uſed was 35 meaſures, each of which was 
equal in bulk to one grain of quickſilver; and that of the air 
abſorbed was 416 ſuch meaſures of phlogiſticated air, and 914 
of dephlogiſticated. In the ſecond: experiment, 178 meaſures. 
of ſoap-lees were uſed, and they abſorbed 1920 of ph logiſti- 
cated air, and 4860 of dephlogiſticated. It muſt be obſerved, 
howeven, that in both. experiments ſome air remained in the 
tube uncondenſed, whole. degree of purity I had no way of 
trying; ſo that the proportion. of each ſpecies of air abſorbed is 
not known with much exaQueſs.. 

As far as the experiments. hitherto publiſhed. extend, we 
ſcarcely know more of the nature of the phlogiſticated part of 
our atmoſphere, than that it is not diminiſhed by lime- water, 
cauſtic alkalies, or nitrous air; that it is unfit to ſupport fire, 
or maintain life in. animals; and that its ſpecific gravity is 
not much leſs than that of common air: ſo that, though the 
nitrous acid, by being united to phlogiſton, is converted into 


air poſſeſſed of theſe properties, and conſequently, though it 


was reaſonable to ſuppoſe, that part at leaſt of the phlogiſti- 
cated air of the atmoſphere confiſts of this acid united to phlo- 


giſton. yet it might fairly be doubted; whether the whole is of 


this kind, or whether there are not in reality many different. 


ſubſtances confounded together. by. us under the name of phlo- 
piſticated air. L therefore made an experiment to determine, 
whether the whole of a given. portion. of the phlogiſticated air 
of the atmoſphere could. be reduced to nitrous acid, or whether 
there was not a part of a different nature from the reſt, which. 
would refuſe to undergo that change. The foregoing experi- 
ments indeed in ſome meaſure decided this point, as much the 


greateſt part of the air let up into the tube loſt its elaſticity ;; 
yet, 


- — — — — 
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yet, as ſome remained unabſorbed, it did not appear for certain 


whether that was of the ſame nature as the reſt or not. For this: 
purpoſe I diminiſhed a fimilar mixture of deph logiſticated and 


common air, in the ſame manner as before, till it was reduced to a 
ſmall part of its original bulk. I then, in order to decompound 
as much as I could of the phlogiſticated air which remained in 
the tube, added ſome dephlogiſticated air to it, and continued the 
park till no further diminution took place. Having by theſe 
means condenſed as much as I could of the phlogiſticated air, I 
let up ſome ſolution of liver of ſulphur to abſorb the dephlo- 
giſticated air; after which only a ſmall bubble of air remained 
unabſorbed, which certainly was not more than = of the 
bulk of the phlogiſticated air let up into the tube; fo that if 


there is any part of the phlogiſticated air of our atmoſphere 


which differs from the reſt, and cannot be reduced to nitrous 
acid, we may ſafely conclude, that it is not more than +4, 
part of the whole. 

The foregoing experiments ſhew, that the chief cauſe of 


the diminution which common air, or a mixture of common 


and dephlogiſticated air, ſuffers by the electric ſpark, is the 


converſion of the air into nitrous acid; but yet it ſeemed not 


unlikely, that when any liquor, containing inflammable mat- 


ter, was in contact with the air in the tube, ſome of this 
matter might be burnt by the ſpark, and thereby diminiſh the 
air, as I ſuppoſed in the above-mentioned Paper to be the caſc. 
The beſt way which occurred to me of difcovering whether 
this happened or not, was to paſs the ſpark through dephlogiſti- 
cated air, included between different liquors : for then, if the 
diminution proceeded ſolely from the converſion of air into 
nitrous acid, it is plain that, when the dephlogiſticated air was 
perfectly pure, no diminution would take place; but when it 

contained 


3 


A 
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contained any phlogiſticated air, all this phlogiſticated air, 
Joined to as much of the dephlogiſticated air as muſt unite to it 
in order to reduce it into acid, that is, two or three times its 
bulk, would diſappear, and no more; ſo that the whole dimi- 
nution could not exceed three or four times the bulk of the 
phlogiſticated air : whereas, if the diminution proceeded from 
the burning of the inflammable matter, the purer the dephlo- 
giſticated air was, the greater and quicker would be the dimi- 
nution. 

The reſult of the experiments was, that when dephlo- 
giſticated air, containing only _*. of its bulk of phlo- 
giſticated air (that being the pureſt air I then had), was con- 
fined between ſhort columns of ſoap-lees, and the ſpark paſſed 
through it till no further diminution could be perceived, the 
air loſt _+.2. of its bulk; which is not a greater diminution than 
might very likely proceed from the firſt- mentioned cauſe ; as 
the dephlogiſticated air might eaſily be mixed with a little 
common air while introducing into the tube. 

When the ſame dephlogiſticated air was confined between 
columns of diſtilled water, the diminution was rather greater 
than before, and a white powder was formed on the ſurface of 
the quickſilver beneath; the reaſon of which, in all probabi- 
lity, was, that the acid produced in the operation corroded 
the quickſilver, and formed the white powder; and that the 
nitrous air, produced by that corroſion, united to the dephlo- 
giſticated air, and cauſed a greater diminution than would 
otherwiſe have taken place. 

When a ſolution of litmus was uſed, inſtead of diſtilled 
water, the ſolution ſoon acquired a red colour, which grew 
paler and paler as the ſpark was continued, till at laſt it be- 


came quite colourleſs and tranſparent. The air was diminiſhed 
Vor. LXXV. Eee 1 * 
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by almoſt half, and I believe might have been ſtill further di- 
miniſhed, had the ſpark been continued. When lime-water 
was let up into the tube, a cloud was formed, and the air was 
further diminiſhed by about one-fifth. The remaining air was 
good dephlogiſticated air. In this experiment, therefore, the 
litmus was, if not burnt, at leaſt decompounded, fo as to loſe 


entirely its purple colour, and to yield fixed air; ſo that, though 


ſoap-lees cannot be decompounded by this proceſs, yet the ſolu- 
tion of litmus can, and ſo very likely might the ſolutions of 
many other combuſtible ſubſtances. But there is nothing, in any 


of theſe experiments, which favours the opinion of the air being 


at all diminiſhed by means of phlogiſton communicated to it 
by the eleckric ſpark. 


|| | 
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XXIV. An Account of the Meaſurement of @ Baſe: on Hounſlow- 
Heath. By Major-General William Roy, F. R. S. and A.S. 


Read from April 21 to June 16, 1785. 


t r n b r in. 


CCURATE ſurveys of a country are univerſally ad- 
mitted to be works of great public utility, as affording 
the ſureſt foundation for almoſt every kind of internal improve- 
ment in time of peace, and the beſt means of forming judi- 
cious plans of defence againſt the invaſions of an enemy in 
time of war, in which laſt circumſtances their importance 
uſually becomes the moſt apparent. Hence it happens, that if 
a country has not actually been ſurveyed, or is but little known, 
a (tate of generally produces the firſt improvements in 
its geography : for in the various movements of armies in the 
field, eſpecially if the theatre of war be extenſive, each indi- 
vidual officer has repeated opportunities of contributing, 
according to his ſituation, more or leſs towards its per- 
fection; and theſe obſervations being ultimately collected, a 
map is ſent forth into the world, conſiderably improved indeed, 
but which, being ſtill defective, points out the neceſſity of 
ſomething more accurate being undertaken, when times and 


circumſtances may favour the deſign. 
The riſe and progreſs of the rebellion which broke out in 


the Highlands of Scotland in 1745, and which was finally ſup- 
Ecea preſſed, 
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preſſed, by his Royal Highneſs the late Duke of Cumberland, at 
the battle of Culloden in the following year, convinced Go- 
vernment of what infinite importance it would be to the State, 
that a country, ſo very inacceſſible by nature, ſhould be tho- 
roughly explored and laid open, by eſtabliſhing military poſts 
in its inmoſt receſſes, and carrying roads of communication to 
its remoteſt parts. With a view to the commencement of 
arrangements of this ſort, a body of infantry was encamped at 
Fort Auguſtus in 1747, under the command of the late Lord 
Bl. Ax ENEV, at that time a Major-General ; at which camp my 
much reſpected friend, the late Lieutenant-General W a TsoN, 
then Deputy Quarter-Maſter-General in North Britain, was 
officially employed. This officer, being himſelf an engi- 
neer, active and indefatigable, a zealous promoter of every 
uſeful undertaking, and the warm and ſteady friend of the in- 
duſtrious, firſt conceived the 1dea of making a map of the High- 
lands. As aſſiſtant Quarter-Maſter, it fell to my lot to begin, and 
afterwards to have a conſiderable ſhare in, the execution of that 
map; which being undertaken under the auſpices of the Duke 
of CUMBERLAND, and meant at firſt to be confined to the 
Highlands only, was nevertheleſs at laſt extended to the Low- 
lands; and thus made general in what related to the mainland 
of Scotland, the iſlands (excepting ſome lefler ones near the 

coaſt) not having been ſurveyed. 
Although this work, which 1s ſtill in manuſcript, and in an 
unfiniſhed ſtate, poſſeſſes conſiderable merit, and perfectly an- 
ſwered the purpoſe for which it was originally intended; yet, 
having been carried on with inſtruments of the common, or 
even inferior kind, and the ſum annually allowed for it being 
inadequate to the execution of ſo great a deſign in the beſt 
manner, it is rather to be conſidered as a magnificent military 
4 ſketch, 
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getch, than a very accurate map of a country, It would, 
however, have been completed, and many of its imperfections 
o doubt remedied ; but the breaking out of the war of 1755 
prevented both, by furniſhing ſervice of other kinds bor thoſe 
vo had been employed upon it. 

On the concluſion of the peace of 1763, it came for the 
5rt time under the conſideration of Government, to make a 
general ſurvey of the whole iſland at the public coſt. To- 
wards the execution of this work, whereof the direction was 
to have been committed to my charge, the map of Scotland 
was to have been mad: ſubſervient, by extending the great tri- 
angles quite to the northern extremity of the land, and filling 
them in from the original map. Thus that imperfect work 
would have been effectually completed, and the nation would 
have reaped the benefit of what had been already done, at a 
very moderate extra-expence. 

It will not be expected, that I ſhould here attempt to aſſign 
cauſes for the long delay that has taken place in carrying a 
work of ſo laudable a nature into execution : ſuffice it to ſay, 
that a period of twelve years having elapſed, ſince the ſcheme 
had been firſt propoſed, as a work that could be beſt executed 
in time of profound peace, without any thing being done in it, 
previous to the nation's being unfortunately involved m the 
American war; it was ſufficiently obvious, that peace muſt be 
once more reſtored, before any new eftort could be made for 
that purpoſe. In the mean while, as I till entertained hopes 
that a work which ſeemed to merit the attention of the public, 
would, at ſome future period, be begun, and, by gradual per- 
leverance, ultimately brought to perfection; therefore, in 
the courſe of my ordinary military employments, wherein 
the very beſt opportunities have offered of acquiring a 

thorough 
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thorough knowledge of the country, I have not failed to ob. 
ſerve, at leaſt in a general way, ſuch fituations as ſeemed to 


be the beſt adapted for the meaſurement of the baſes that 
would be neceflary for the formation of the great triangles, 


I | | thoſe 


aud connecting the different ſerieſes of them together. In tl 
The peace of 1783 being concluded, and official bufinef the Fre! 
having detained me in or near town during the whole of that bis Ma 
ſummer, I embraced the opportunity, for my own private CASSIN 
amuſement, to meature a baſe of 7744.3 feet, acroſs the field; rage th: 
between the Jews-Harp, near Marybone, and Black-Lane, angle 
near Pancras; as a foundation for a ſeries of triangles, carried N be c 
on at the ſame time, for determining the relative ſituations of which 
the moſt remarkable ſteeples, and other places, in and about Wl noſt f 
the Capital, with regard to each other, and the Royal Obſer- „dude k 
vatory at Greenwich. The principal object I had here in view WW This 
(beſides that it might poſſibly ſerve as a hint to the public, for mand, 
the revival of the now almoſt forgotten ſcheme of 1763) Naa we 
was, to facilitate the compariſon of the obſervations, made by WM made 
the lovers of aſtronomy, within the limits of the projected propoſir 
ſurvey; namely, Richmond and Harrow, on the weſt ; and Kciety, 
Shooter's-Hill and Wanſted, on the eaſt: and thinking, that a ro this 
Paper, containing the reſult of theſe trigonometrical operations, fared, 
might not prove unacceptable to the Royal Society, I was en- Ling i 
gaged in making the computations for that purpoſe, when, A ge 
very unexpectedly, I found, that an operation of the fame bre * 
nature, but much more important in its object, was really in Nonich 
agitation. This I ſaw would ſuperſede, at leaſt for the preſent, | hey ar 
my own private obſervations, and perhaps render them wholly Wye oY 
uſeleſs, unleſs it were as a matter of mere curioſity hereafter, : 
to ſee how far ſuch as depended on a ſhort baſe, and a {mall "uy 3 
inſtrument (a quadrant of a foot radius) would agree with terte 
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thoſe founded on a much longer baſe, and angles determined 
by a large circular inſtrument, being that propoſed, as the 
beſt that could be made uſe of in the operation now to be 
mentioned. 

In the beginning of October, 1783, Comte D'ADRHE MAR, 
the French Ambaſſador, tranſmitted to Mr. Fox, then one of 
his Majeſty's principal Secretaries of State, a Memoir of M. 
Cassix t DE ThuRyY, in which he fets forth the great advan- 
tage that would accrue to aſtronomy, by carrying a ſeries of 
triangles from the neighbourhood of London to Dover, there 
to be connected with thoſe already executed in France, by 
which combined operations the relative ſituations of the two 
moſt famous obſervatories m Europe, Greenwich and Paris, 
would be more accurately aſcertained than they are at preſent “. 

This Memoir the Secretary of State, by his Majeſty's eom- 
mand, tranſmitted to Sir JosEPH Banxs, the very reſpectable 
nd worthy Preſident of the Royal Society; who, about the 
middle of November, was pleafed to communicate it to me, 
popoſing at the ſame time, that I ſhould, on the part of the 
Sciety, charge myſelf with the execution of the operation. 
To this propoſition I readily aſſented, on being ſoon afterwards 
ured, through the proper official channels, that my under- 
king it met with his Majeſty's moſt gracious approbation. 

A generous and beneficent Monarch, whoſe knowledge and 
bre of the ſciences are ſufficiently evinced by the protection 
nich ye conſtantly affords them, and under whoſe auſpices 
ey are ſeen daily to flourith, ſoon ſupplied the funds that 
nere judged neceſſary. What his Majeſty has been pleaſed to 
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give ſo liberally, it is our, duty to manage with proper and be. 
coming frugality, conſiſtent with the beſt poſſible execution of 
the bellnels to be done, ſo as to make it redound to the credit 
of the Nation in general, and of this Society in particular, 
The operation, whereof we are no to give ſome account, 
being the firſt of the kind, on any extenſive ſcale, ever under. 
taken in this country, naturally enough ſub-divides itſelf into 
two parts. Firſt, the choice and meaſurement of the baſe, with 
every poſſible care and attention, as the foundation of the 
work; ſecondly, the diſpoſition of the triangles, whereby the 
baſe is to be connected with ſuch parts of the coaſt of this 
iſland as are neareſt to the coaſt of France, and the determina- 
tion of their angles, by means of the beſt inſtrument that can be 
obtained for the purpoſe, from which the reſult or conclufion 
Will be drawn. It is the firſt part only, as a ſubject of itſelf 
_ ſufficiently diſtinct, that we are now to lay before the Society; 
it having been judged more adviſable, to ſhew that no time 
has been loſt in making reaſonable progreſs, than to defer the 


account till the whole operation ſhould be ultimately com- 
pleted. | 


Choice of the Baſe, Tab. XVI. 


Hounſlow-Heath having always appeared to be one of the 
moſt eligible fituations, for any general purpoſe of the ſon 
now under conſideration, becauſe of its vicinity to the Capita 
and Royal Obſervatory at Greenwich, its. great extent, and the 
extraordinary levelneſs of its ſurface, without any local ob- 
ſtructions whatever to render the meaſurement difficult; be. 
ing likewiſe commodiouſly ſituated for any future operations d 


a ſimilar nature, which his Majeſty may pleaſe to order to be 
extended 
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extended from thence, in different directions, to the more re- 
mote parts ef the iſland, it was propoſed to Sir JosEPn BANKs, 
that the local circumſtances ſhould be actually examined; fo 
far, at leaſt, as to enable us to form ſome judgement, of the 
beſt poſition of the line to be meaſured, 

The 16th day of April, 1784, being accordingly fixed on 
for the purpoſe, and Mr. Cavenpisy aud Dr. BLAG DEN 
accompanying the Preſident on this occaſion, we began our 
obſervations at a place called King's Arbour, at the north-weſt 
extremity of the Heath, between Cranford-Bridge and Long- 
ford; and having proceeded from thence through the narrow 
gorge, formed by Hanworth-Park and Hanworth-Farm, we 
finiſhed at Hampton Poor-houſe, near the tide of Buſhy-Park, 
at the fouth-eaſt extremity ; the total diſtance, from the ſurvey 
of Middleſex, being upwards of five miles. 

On this inſpection it was immediately perceived, that the 
firſt part of the operation, in order to facilitate the meaſure- 
ment, would be, the clearing from furze-buſhes and ant-hills, 
a narrow tract along the heath, as ſoon as the ground ſhould 
be ſufficiently dry to permit the baſe to be accurately traced out 
thereon. 


Fi tracing of the Baſe, and 1 of the Ground. Tab. XVI. 


Chiefly with a view to the more effectual execution of the 
work, it was judged to be a right meaſure to obtain and em- 
ploy ſoldiers, inſtead of country labourers, in tracing the baſe, 
clearing the ground, and aſſiſting in the ſubſequent operations. 
For, at the ſame time that this was obviouſly the moſt frugal 
method, it was evident, that ſoldiers would be more attentive 


to orders than country labourers ; and by encamping on the 
VcL. LXXV. FFT ſpot 
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ſpot would furniſh the neceſſary centinels, particularly during 
the night, for guarding ſuch parts of the apparatus, as It was 
foreſeen muſt remain carefully untouched, in the frequent in- 
terims of diſcontinuing and reſuming the work. Accordingly, 
a party of the 12th regiment of foot, conſiſting of a ſerjeant, 
corporal, and 10 men, were ordered to march from Windfor 
to Hounſlow-Heath, where they encamped on the 26th ef 
May, cloſe by Hanworth Summer-houſe, to which ſpot the 
neceflary tents, camp equipage, and entrenching tools, &c. 
had been previouſly ſent. 

Whatever might have been the particular direction given to 
the baſe conſidered by its extremities, from conſulting the plan 
it will eaſily appear, that it muſt always neceflarily lead 
through the narrow gorge of the Heath formed by Hanworth- 
Park and Hanworth-Farm. The firſt pomt therefore to be 
attended to, in tracing it out, was, that it might lead through 
this paſs, without interfering with certain ponds, or gravel-pits 
full of water, which are in it. Theſe were eaſily avoided by 
carrying the line pretty near to Hanworth Summer-houſe ; and 
in directing the teleſcope from thence towards the ſouth-eaſt, 
it was accidentally found, that by leaving Hampton Poor- 
houſe a very little to the weſtward, or right, the line would 
coincide with a remarkable high ſpire, ſeen at the diſtance of 
eleven or twelve miles, and known afterwards to be Banſted- 
Church. As there could not' be a better fituated, or more 
conſpicuous object than this, therefore the firſt or ſouth-eaſt 
ſection of the baſe, comprehended between the Summer-houſe 
and the angle of the ſmall field adjoining to Hampton Poor- 
houſe, was immediately directed upon it; and the ſoldiers were 
the fame day ſet to work to clear the tract, which, at a me- 
dium, was made from two to three yards in breadth. This 

. operation 
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operation continued eight ar ten days, owing to the lower part 
of the heath, between Wolſey-River and the Poor-houtſe, 
being encumbered with bruſn- wood. 

When the clearing of the firſt ſection was ENTIRE? the 
ſecond, comprehended between the Summer-houſe and the great 
road leading from Staines to London, was traced out in the 
following manner. One of the pyramidal bell-tents (whereof 
two had been provided, one of twenty-five, and the other of 
fifteen feet in height) being placed at the ſtation near the 
Summer-houte, camp colours were then arranged from diſtance 
to diſtance, ſo as to be in a line with the bell-tent and Banſted 
ſpire. In like manner, the third ſection, comprehended be- 
tween the Staines Road and King's Arbour, was traced out. 

This firſt tracing of the baſe was done by means of a com- 
mon teleſcope held in the hand only, that no time might be 
loſt in employing the ſoldiers to ſmooth the tract which was to 
be meaſured; becauſe the tranfit inſtrument (my own pro- 
perty, for which a portable ſtand had been for ſome time pre- 
paring) was not yet ready to be applied, as it afterwards was, 
in tracing out the baſe more accurately. 

The camp ſtill remained, where it was originally pitched, 


poſition, with regard to the firſt and ſecond ſections; but being 
too remote from the third, that time might not be loſt, and 
the men unneceſſarily fatigued in marching backwards and for- 
wards ; therefore, one half of the party, under the command 
of the corporal, was detached to the northward, and quartered 
in the neighbouring villages, to clear the third ſection, while 
the ſerjeant, with the remainder, were occupied in ſmoothing 
the ſecond. Owing to the extraordinary wetneſs of the ſea- 
fon, this operation required more time than had been at firft 


F ff 2 imagined, 


at the angle of Hanworth-Park, this being a very convenient 
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imagined, not having been entirely finiſhed before the firſt 
week of July. We thall therefore leave it going on, and in 
the mean time proceed to deſcribe the inſtruments that were 
fubſequently made uſe of in the firſt and ſecond meaſure. 
ments, 


Steel Chain. Tab. XVII. 


One of the firſt inſtruments, which that able artiſt Mr. 
RAMSDEN had orders to prepare, was a ſteel chain, one hun- 
dred feet in length, the beſt that he could make. Not that it 
was intended, nor could it be ſuppoſed, that we ſhould abſo- 
lutely abide by the reſult that this cham ſhould furniſh us 
with, for the length of the baſe ; but it was hoped, that an 
inſtrument of this ſort might be made, which would meaſure 
diſtances much more accurately than any thing of that kind 
had ever done before: and it was confidered as an object of 
ſome conſequence, to endeavour to fimplify, and render as eaſy 
as poſtible, the meaſurement of baſes in future: an operation 
which, hitherto, has always. been found to be tedious and 
troubleſome, to which we may now further add, uncertain 
likewiſe, when done with rods of deal, as. will appear from the 
account hereafter to- be given. 

The conſtruction of the chain, which is on the principles of 
that of a watch, wall be underſtood from the repreſentation of 
tome of its chief parts, to the full fize, in tab. XVII. where 
the firft, or zero- end link, is ſhewn both in plan and elevation, 
in the ſtate in which it was originally applied to- meaſurement 
on the ſurface of the ground. Each link conſiſts of three 
principal parts; namely, a long plate; two ſhort ones, half 
the thickneſs of the former, with circular holes near the 

5 3 extremities 
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extremities of each; and two caſt-ſteel pins, or axes, ſuited to 
the diameters of the holes, which ſerve to conne& the adjoin- 
ing links together. The holes in the ſhort plates are made 
rough or jagged with a file; ſo that when. they have embraced 
the ends of two adjoining long ones, and the pins have pafied 
through all the holes, iu rivetting their extremities, they are 
made perfectly fait, and as it were united to the ſhort plates; 
while the embraced ends. of the long ones turn freely round 
on the middle part of the pins. 

At every tenth link the joint, juſt now deſcribed, has a 
polition at right-angles to the tormer ; that 1s to ſay, the ſhort 
plates lie here horizontally, and the pins paſſing through 
them ſtand vertically. Thus, there being in the whole. chain 
two hundred caſt-ſteel pins, one hundred and eighty lie hori- 
zontally ; and twenty, including the two by which the han- 
dles are attached, ſtand vertically. Theſe croſs-joints, which 
were chiefly intended that the chain might fold up in a ſmaller 
compaſs, by returning upon itſelf at every tenth link, are 
likewiſe uſeful in preſenting a horizontal ſurface, to which 
{mall circular pieces of braſs are ſcrewed, with figures 1, 2, 3, 
&c. to 9, engraved on them, denoting the decimal parts of the 


length. Thus the middle croſs- joint, or that which ſeparates: 


O 
the 5oth from the 5 iIſt link, is ſhewn in the Plate with the 


figure 5 upon it. 

The chain, in its firſt conſtruction (for we are now to point 
out ſome alterations that were afterwards made in it), was one 
hundred feet in length, including the two braſs handles; in 
the extremity of each of which there was a ſemi- circular hole, 


of the ſame diameter with the ſteel arrows ſucceſſively fixed 


in the ground, and ſerving to keep the account of the number 
of chains, when applied to common meaſurement, In this its 
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firſt mode of application it was ſoon diſcovered, as we ſhall 


have occaſion to mention hereafter, how admirably the chain 
performed; and that, with ſome farther precautions, a till 
greater degree of exactneſs might be attained, by ſupporting it 
on ſtands, or even on planks, laid on, or but little removed 
from, the common ſurface of the earth. For this purpoſe, 
the two end-links were altered, each being now made equal to 
one foot, excluſive of the handles. By referring to tab, 
XVII. the nature of this alteration will be eaſily conceived. It 
conſiſted in ſcrewing to the under fide of the handles, very 
near the joints, two feather-edged pieces of braſs *; the one 
denoting zero, and the other 100 feet. Over the dart at the 
firſt, a plummet with a fine filver wire being ſuſpended, that 
wire, by a very ſimple apparatus, hereafter to be deſcribed, 
may be brought accurately to coincide with any point whatever 
of commencement : *and at the ſecond, a fine line with a 
knife, or other ſharp inſtrument, being drawn on a piece of 
card placed there for the purpoſe, and changed as often as 
needful ; or, as was likewiſe practiſed, and found to anſwer 
better, a line on a moveable flide of braſs, attached to the top 
of the ſtand or plank, being brought to coincide with the fea- 
ther-edge, and then faſtened underneath ; the extremity of the 
100 feet is readily aſcertained : and thus the meaſurement 
may be continued on with great accuracy to any diſtance at 
pleaſure. 

That the chain, in this its altered ſtate, may ſtill be advan- 
tageouſly applied to ordinary meaſurement on the ſurface of 
the earth, the pieces above deſcribed, having ſteady pins, and 
being faſtened with ſcrews, can be eaſily removed, and others, 


* They were originally of braſs, but are now of itce}, that the edges by being 
harder might run leſs riſk of being damaged, 
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exactly of the ſame length, ſubſtituted in their ſtead, with 
ſemi-circular holes (as repreſented in the Plate by dotted lines 
near the joint of the handle) to receive the ſteel arrows, then 
to be made uſe of in the manner already mentioned. 

This moſt excellent chain ſeems not to have ſuffered any 
perceptible extenſion from the uſe that has hitherto been made 
of it. It is ſo accurately conſtructed, that when ſtretched out 
on the ground, as in common uſe, all the long plates lying 
vertically or edge-wiſe, if a perſon, laying hold of either end 
with both hands, gives it a flip or jerk, the motion is, in a 
few ſeconds, communicated to the other end, in a beautiful 
vertical ſerpentine line; when the perſon, holding that handle, 
receives a ſudden ſhock, by the weight of the chain pulling 
him forcibly. The chain weighs about eighteen pounds, and 
when folded up is eaſily contained in a deal box, about four- 
teen inches long, eight inches broad, and the ſame in depth. 


Deal Rods. Tab. XVIII. 


The baſes which have hitherto been meaſured in different 
countries, with the greateſt appearance of care and exactneſs, 
have all, or for the moſt part, been done with deal rods of one 
kind or other, whoſe lengths being originally aſcertained by 
means of ſome metal ſtandard, were, in the ſubſequent appli- 
cations of them, corrected by the ſame ſtandard, Having thus 
had ſo many precedents, ſerving as examples to guide us in our 
choice, it was natural enough that we ſhould purſue the ſame 
method in the meaſurement to be executed on Hounſlow- 
Heath ; taking, however, all imaginable care, that our rods 


ſhould be made of the very beſt materials that could be pro- 
cured ; 
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cured; with this farther precaution, that by truſſing them, 
they ſhould be rendered perfectly inflexible, a circumſtance not 
before attended to. 

As ſome difficulty had been found in procuring well - ſeaſoned 
Pine-wood of ſufficient length, and perfectly free from knots, 
tor the intended purpoſe; therefore Sir JosgpH BANKs had 
early applied to the Admiralty for aſſiſtance in this reſpect; 
and forthwith obtained an order to be furniſhed with what we 


might have occaſion for, from his Majeſty's yard at Depttord, fore 
where an old New-England maft, and alto one of Riga wood, , 
were ſpeedily cut up for our uſe. the 
New-England white Pine is lighter, leſs liable to warp, and "a 

0 


leſs affected by moiſture, than Riga red wood. But the New- 
England maſt, when it came to be very minutely examined, was 
found to be too much wounded by ſhot-holes in ſome parts, | 
or too much decayed or knotty in others, to afford us a ſuffi- 
ciency. This being the caſe we had recourſe to the Riga 
wood, which was indeed extremely ſmooth and beautiful ; and 
ſo perfectly ſtraight-grained, that a fibre of it, when lifted up, 
might be drawn, like a thread, almoſt from one end to the 
other. 

It had been in contemplation, to make the rods of twenty- 
five or thirty feet in length; and one of the former dimenſions 
was actually conſtructed: but this being found to be rather too 
unwieldy, it was judged beſt to content ourſelves with thoſe of 
about twenty feet. 

Different opinions have been entertained with regard to the beſt 
mode of applying rods in meaſurement ; ſome contending that 
contacts, or that of butting the end of one rod againſt the end of 
the other, 1s the beſt ; while others (with more Probability of 
being 


4 
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being right) are of opinion, that the adjuſtment by the coin- 
cidences of lines ſhould have the preference. The firſt is un- 
doubtedly the moſt expeditious method ; but ſeems at the ſame 
time to be liable to this very objectionable circumſtance, that 
the probable errors fall all one way : whereas, in the ſecond me- 
thod, although by far the moſt tedious, the errors of coinci- 
dence falling ſometimes on one fide, and ſometimes on the 
other, they compenſate for, or deſtroy, each other; and there- 
fore no error 1s committed, 

With the view of ſatisfying both parties, and in order to put 
the matter, if poſſible, out of doubt, it was judged proper to 
conſtruct the rods in ſuch a manner as to admit of both me- 


thods being tried, that we might adhere to that which ſhould 


be found by experience to be the beſt. 

Three meaſuring rods were accordingly ordered to be 
made, and alſo a ftandard rod, with which the former 
were from time to time to be compared. Their general 
conſtruction will be better conceived from the plan and 
elevation, and other repreſentations of their principal parts, 
in tab. XVIII. than by any deſcription, however parti- 
cular, conveyed in words. It will be ſufficient to ſay, that 
the ſtems of the three meaſuring rods are each twenty feet 
three inches in length, reckoning from the extremities of the 
bell-metal tippings ; very near two inches deep; and about 14 
inch broad. Being truſſed laterally and vertically, they are thereby 
rendered perfe&ly, or at leaſt as to ſenſe, inflexible. The ſtan- 
dard rod could only be truſſed laterally ; and it is juſtly repre- 
lented by the plan of the other rods, excepting that its ſtem 
s ſomething ſtronger, and that it has two or three inches at 
each end of extra-length, the reaſons for which differences 
will appear hereafter, 
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By referring to the Platt it will be obſerved, that two nar. 
row pieces of ivory, each faſtened with two ſmall ſcrews, are 
inlaid into the upper ſurface of the rods, within one inch and 
a half of the extremities of the tippings. Theſe ivory pieces 
received the fine black lines cut into them when the lengths of 
the rods were laid off, in the manner hereafter to be mentioned, 
and accurately determined the intermediate diſtance of 20 feet, 
or 240 inches, the meaſure to be uted in the application by 
coincidences: whereas, in that by contacts, the ſpace com- 
prehended between the extremities of the projecting lips of 
the tippings, is 243 inches. 

Immediately behind each ivory piece, a cavity is formed un- 
derneath, in the middle of the ſtem. This receives a braſs 
wheel, about cight-tenths of an inch in diameter, whoſe axis 
turns in the fork of a braſs ſpring, five inches long, faſtened 
by .a fcrew to the under ſurface juſt before the croſs feet. 
Theſe ſprings are only of ſuch ſtrength as to permit the wheels 
to be forced up into the cavities by the weight of the rod, 
which, in its adjuſted ſtate, always reſts entirely on the ſur- 
faces of the two ſtands that ſupport its extremities. But 
when the rod is to be raiſed from the ſtands, then the milled- 
headed ſcrews, projecting above the upper ſurface, and ſtanding 
over the middle of the ſprings, being brought to act, the 
wheels are thereby preſſed downwards, and receive the full 
weight of the rod, which is then eaſily moved backwards or 
forwards to its true poſition, either of contact or coincidence. 

The croſs- feet, placed about 54 inches from the ends of the 
rods, and 12 inch from the inſertion of the truſſings, are each 
about nine inches long, 13 broad, and nearly an inch in depth, 
having their lower ſurfaces level with that of the ſtem. By 
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means of theſe, the rods are not only kept more ſteady on the 
ſtands, againſt the common action of the wind vpon the truſ- 
fings 3 but they likewiſe ſerve as holds for the vertical and hori— 
zontal braſs clamps, whereby the rods are made faſt to the 
ſands on one fide or other, and in both modes cf application, 
contacts and coincidences; as will be more fully explained 
hereafter, in deſcribing the tops of the ſtands. 


Braſs Standard Scale, and method if laying of the lengths of the 
Deal Rods. 


At the ſale of the inſtruments of the late ingenious optician 
Mr. Jaſts SHorrT, | purchaſed a finely divided brats ſcale, of 
the length of 42 inches, with a VERNIER's divition of 109 at 
one end, and one of o at the other, whereby the 100<=th part 
of an inch 1s very perceptible, It was originally the property 
of the late Mr. GRAHAM, the celebrated Watch-maker ; has 
the name of JoNATHAN S1$SS0N engraved upon it; but is 
known to have been divided by the late Mr. BIRD, who then 
worked with Stsso. 

It is ſufficiently well known to this Society, that their brafs 


ſtandard ſcale, about 42 inches long, which contains on it 


the length of the ſtandard yard from the Tower, that from 
the Exchequer, and alſo the French half-toiſe, together with 


the duplicate of the ſaid ſcale, ſent to Paris for the ute of the 


Royal Academy of Sciences, were beth made by Br. Jox a- 
THAN S1s80N, under Mr. GRAHAM 's immediate direction. 
Now, although there ſeemed to be every reaſon to ſuppoſe, 
that the ſcale at preſent in my poſſeſſion, originally Mr. Ra- 
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'naM's property, would correſpond with thoſe above-mentioned, 


which he had been directed by the Royal Sociey, with fo much 
care and pains, fo provide; yet, that nothing of this fort 
might remain doubtful, it was judged right, m ſettling the 
abſolute length of the baſe, which I meaſured near London 
in 1783, as has been mentioned in the introduction to this 
Paper, that the two ſcales ſhould be actually compared. Hav- 
ing accordingly obtained an order from the Prefident, for ad. 
miſſion into the Society's Apartments, I went there in the 
afternoon of the 13th of Auguſt, and laid both ſcales taken 
out of their caſes on the table of the meeting-room, with 
thermometers along-fide of them, that they might acquire 
the ſame temperature. On the forenoon of the 1 5th of Au- 
guſt the compariſon was made, with the aſſiſtance of Mr. 
RamMsDEN, who for that purpoſe carried along with him his 
eurious beam-compaſſes, whoſe micrometer-fcrew ſhews very 
perceptibly a motion of e th part of an inch. Thus the 
extent of three feet, being carefully taken from the Society's 


ſtandard, and applied to my ſcale, it was found to reach exactly 


to 36 inches, the temperature being 65%. In like manner, the 
beam- compaſſes being applied to the length of the Exchequer 
yard, the extent was now found by the micrometer to over- 
reach that yard by ,.£2,,th, or nearly ..*..th parts of an 
inch. 
Having thus ſhewn that my ſcale is accurately of the ſame 
length with the Society's ſtandard, it remains to point out the 
uſe that was made of it, for aſcertaining the lengths of the 


deal rods, intended for the operation on Hounſlow-Heath. In 


the firſt place, Mr. RAMspEN prepared a beam-compaſs, ſuf- 


ficient to take in twenty feet, truſſed in all reſpects like the 
mea- 
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meaſuring rods, but ſomething deeper, and fitted as uſual with 
proper points and micrometer. The ſtandard rod being now 
conſtructed was laid on the ſhop-board, ſtrongly framed for 
the purpoſe, and nearly level. To one fide of it, at-the diſtance 
of about twenty feet two inches from center to center, two 
{ſtrong bell- metal cocks were firmly ſcrewed. Theſe cocks 
were about 24 inches in length, three-eighths in thickneſs, 
and roſe above the ſtem nearly two inches, ſo as to be on the 
ſame plane with the ſurface of the meaſuring rods, when 
placed upon it. 

A large plank, cut from the New-England maſt, upwards of 
thirty feet long, nine or ten inches broad, and about three 
inches thick, being ſet edge-wiſe in the ſame room, on part of 
the ſtands now ready for the operation, was, in that poſition, 
planed perfectly ſmoath and ſtraight. A filver wire being then 
ſtretched very tight, along the middle of the plank, from one 
end to the other, fix ſpaces of forty inches each were marked 
off by the fide of the wire, at which points ſeven braſs pins, 
about one-tenth of an inch in diameter, were driven into the 
wood, and their tops poliſhed with the ſtone. During the whole 
of this operation, and that which followed, the thermometer, 
lying by the fide of the braſs ſcale, continued ſteadily at or very 
near 635 = | 

A fine dot being now made on one of the extreme pins, and 


the ſilver wire being ſtretched over the dot, and as near as poſ- 
ſible over the middle of the other pins, in which poſition it 
was made faſt; the extent of forty inches, taken with the 
utmoſt care from the braſs ſcale, was then marked off, by 
placing one point of the beam-compaſſes in the dot, and with 


the other deſcribing a ſhort faint arc on the ſurface of the ſe- 
| | cond 
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cond pin. The beam being then removed, and one point 
placed in the interſection of the arc and wire, with the other 
point a dot was made on the third pin, under the middle of 
the wire. Upon this dot, as a center, a faint arc was next 
deſcribed on the ſame pin where the firſt had been traced. In 
this manner the fix times forty inches were marked off, alter. 
nately with dots and arcs; a method found by Mr. RAMspEN, 
in his practice, to be more accurate, than when dots only are 
made uſe of. 

The exact length of twenty feet, thus obtained, was next 
taken between the points of the long beam-compaſles, and 
transferred to the tops of the bell-metal cocks, placed, as has 
been already mentioned, on the ſide of the ſtandard red, in 
ſuch manner as to leave more than one inch and a half of the 
{aid cocks beyond or without the lines denoting the extent of 
the twenty feet. This being done, the meaſuring rods were 
ſucceſſively placed on the ſtandard, and their ſides applying 
cloſe to the cocks, the diſtance of twenty feet was readily 
transferred from them to the inlaid ivory pieces, on which fine 


lines were afterwards cut, by marks accurately made for that 


purpoſe. 
With regard to he adjuſtment of the lips of the bell-metal 
tippings, which extend exactly one inch and a half beyond the 
ivory lines, fo as to make the total length of the rod 243 
inches, it is to be obſerved, that they terminate in flat curves 
of 35 inches radius, paſſing through the inch and half points, 
to which they were cautiouſly ground down, that at firſt they 
might rather exceed than be defective in length. Any two 
of the rods, lying in the ſame plane, and alſo in the fame 
itraight line, being brouglit into contact with each other; if 
of 
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of the true lehgth, the ſpace' in that poſition, _— 
between the two lines on the inlaid ivory pieces, muſt be 
exactly three inches. For the purpoſe of this adjuſtment, the 
extent of three inches was therefore taken from the braſs ſcale 
and cut upon the ſide of a detached piece of ivory; which 
being readily applied to the aforeſaid intermediate ſpace, the 
ſame was gradually reduced, by grinding the lips equally, till 
it exactly correſponded with that taken from the ſcale. 

The three rods are numbered by a cypher on the ſurface of 
the metal at each end, 1.2; 3.4; 5.6; and that being the order 
in which they were to be applied in actual meaſurement, ſo it 
was likewiſe the order in which they were adjuſted ; that is to 
ſay, the rod 1.2 was adjuſted with 3.4, and with $5.6; and 
the rod 3.4 was, in like manner, adjuſted with 1.2 and 5.6. 

One of theſe deal rods, when finiſhed, was found to weigh 
twenty-four pounds. They were intended to be contained in 
two cheſts, one large and the other ſmaller. The large cheſt, 
which 1s about 24 feet deep, may be called a double one, becauſe 
it has two lids that lift quite off, which, in turning upſide 
down, become alternately top and bottom, having between 
them, but much nearer to the one than the other, a bottom 
that is common to both. The ſhallow fide holds the ſtandard 
rod; and the other, two of the meaſuring rods; which laſt is 
rendered practicable by having one of the fide braces of each 
fixed only with ſcrews, ſo as to be removed and replaced at 
pleaſure. Thus one of the rods being laid in its place, the 
other is put over it in an inverted poſition ; and both having the 
proper faſtenings to keep them in their poſitions, the lid is 
then put on, and fixed by ſcrews. The cheſt being now turned 
upſide down, and the other lid removed, the ftandard 1s: 

thereby 
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thereby diſcovered refling on the common bottom, which has 
bands laid acroſs it for the purpoſe, a few inches below what 
has now become the ſurface of the cheſt. It was neceſ- 
ſary that the ſtandard ſhould reſt thus high, both that the 
light might come freely upon it, and that, being ſupported by 
the deep ſides of the cheſt, it might be prevented from twiſt- 
ing, for it will be remembered that it is only truſſed laterally, 
By means of a ſmall braſs ſpring fixed to each end of the 
ſtandard, a fine filk thread, as being leſs liable to accident than 
ſilver wire, 1s ſtretched along its ſtem, which by ſmall wedges 
prepared for the purpoſe, and flipped in between it and the 
bands on which it refts, is always brought into the ſame poſi- 
tion. This being done, the filk thread is turned off, ſo as to 
permit the meaſuring rods to be laid on the ſtandard for com- 
pariſon. With regard to the ſmaller cheſt, ſuch a one was 
actually made, and ſent down to the heath, towards the cloſe 
of the operation with the deal rods ; but from ſome miftake in 
its dimenſions, it would not admit the third rod. 


Stands for the Meaſuring Rods. Tab. XVIII. and XIX. 


From the extraordinary levelneſs of Hounſlow-Heath, the 
aſcent from the ſouth-eaſt towards the north-weſt being little 
more than one foot in a thouſand in the diſtance of five miles, 
it was eaſily feen, that the computed baſe-line, or that actually 
forming a curve parallel to the ſurface of the ſea, at that height 
above it, would fall fo little ſhort of the hypothenuſal diſtance, 
meaſured on, or parallel to, the ſurface of the Heath, as 


ſcarcely to deſerve notice, had it not been thought neceſſary to 
3 | ſhew 


/ 
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ſhew, how much one end of the baſe was really higher than 
the other; and to convince the world, that in an operation of 
this ſort, where ſo much accuracy was expected, no pains 
were ſpared, nor the moſt trivial circumſtances neglected. 
From the trouble and uncertainty attending the frequent uſe 
of plummets, efpecially in windy weather, inſtead of mea- 
ſuring level or baſe lines, as has hitherto been cuſtomary (in 
which caſe it would have been neceſſary to make uſe of the 


plummet, or ſome ſuch contrivance, at every ſtep of aſcent or 


deſcent) it was judged to be a better method to meaſure hy- 
pothenuſes, and, having obtained the relative heights of the 
ſtations by the accurate application of the teleſcopic ſpirit- 
level, to compute the baſe lines. 'Thus it was propoſed, that 
the length of the baſe on Hounſlow-Heath ſhould be obtained 


by meaſuring a line through the air, drawn parallel to 
the common ſurface from ſtation to ſtation, in equal diſtances 


of 200 yards or 600 feet each, as repreſented in the figure at 
the top of tab. XVIII. 


For this purpoſe, two kinds of ſtands were uſed; one whoſe 


| height was fixed, to be placed at the beginning and end of 


each 200 yards; and the others, whoſe heights were movea- 
ble, that their ſurfaces might be brought more eaſily to coin- 
cide with the line paſſing through the air from one fixed 


ſtand to the other. The fixed ſtands in their firſt ſtate, repre- 
ſented by that towards the left-hand in the plate for the deal 
rods, were only two feet ſeven inches in height; but when the 


glaſs rods were afterwards uſed, they had an additional piece 
of ten inches faſtened to the top (as in the left-hand ſtand of 
tab. XIX.) which made their total height above the Heath, 
including the platform on which they ſtood, three feet aud a 


half. They are tripods of white deal, whoſe legs extend.about 
VoL. LXXV. 
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three feet from each other; and being braced diagonally, are 
mortoiſed at top into circles of the fame ſort of wood. Over 
this circle, a ſquare table of about 114 inches is fixed, com- 
poſed of oak, and mahogany at top; but both taken together 
do not exceed 11 inch in thickneſs. 

'The nature of the moveable ſtands, whereof there were at 
laſt no fewer than ſeventeen provided, will be comprehended. 
from the repreſentations of them towards the right-hand in. 
tab. XVIII. and XIX. Their general conſtruction, in what 
regards the part of them which is fixed, differs not from that 
of the others, excepting that they were of different heights, 
from two feet to about two feet eight inches, fo as better to 
ſuit the irregularities of the ground where it might be neceſ- 
ſary to place them. In the middle of each of theſe, an hexa- 
gonal wooden pipe deſcends, from the top to within two or 
three inches of the bottom, where it is joined by a brace 
reaching from each leg. This pipe receives the common 
cheeſe preſs wooden ſcrew (having three ſides ſcrewed and 
three plane), to the top of which the ſquare table is attached. 
It is embraced by the circular nut, or winch with four handles, 
whereby the table is elevated or depreſſed at pleaſure ; and being 
brought to its proper height, is there made perfectly faſt by 
means of the flat-headed iron ſcrew, which paſſing through 
one of the legs, preſſes an iron plate, fixed in the inſide of the 
pipe, againſt one of the plane fides of the ſcrew. 

In deſcribing the deal rods, there has already been occaſion to 
make mention of the vertical and horizontal clamps, whereby the 
croſs-feet are faſtened to the table on the top of the ſtand. The na- 
ture of theſe tables will be beſt underſtood by conſulting the two 
plans of them towards the right-hand in tab. XVIII. ; whereof 


one repreſents the two grooves fitted for the alternate reception 
is of 
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of the horizontal clamp, according to the ſide on which the 
rod lies that is to be moved on into coincidence; and the other 
ſhews it actually in its place, with the clamp itſelf detached in 
elevation along- ſide of it. Thus from the plan it may be 
perceived, that the firſt, or adjuſted rod, lies towards the far- 
ther ſide of the table, and is there ſecured by the vertical 
clamp. The ſecond, or moveable rod, lics on the hither fide, 
and therefore the horizontal clamp is placed in the farther 
groove, where it is firmly pinched by the nut underneath. The 
rod has been brought to coincidence by working with the two 
milled-headed ſcrews againſt the oppoſite ſides of the croſs foot. 
This apparatus, although perfectly good in theory, was found 
to be much too confined in its nature to anſwer well in prac- 
tice, requiring the ſtands to be placed with a degree of preci- 
hon, which could not be effected in the field without great loſs 
of time ; and this was the real cauſe, as will be ſeen hereafter, 
that the meaſurement by coincidences with the deal rods was 
given up, and that by contacts adhered to. 

Towards the left-hand of tab. XVIII. the plan of one of 
the ſquare tables is repreſented with the ends of the ſecond and 
third rods upon it in contact. In this operation it will be 
perceived, that only one croſs- foot of each rod could now reſt 
on and be clamped to the ſtand, the tables having been inad- 
vertently cut too ſmall 'to admit of both; and although this 
has the appearance of imperfection, yet no inconveniency 
whatever was found to reſult from it in practice, experience 
having ſhewn, that the clamping of either end ſufficed to keep 
the rod ſteady. Along-fide of the table, the vertical clamp, 


being that now ſolely made uſe of, is likewiſe repreſented in 
elevation. 
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On the face or exterior fide of each leg of all the ſtands, 
fixed as well as moveable, a plate of braſs is ferewed near the 
bottom, with two holes in each, over a groove purpoſely made 
in the wood underneath. By means of theſe plates, parallelopid 
leaden weights, about fourteen pounds each, having braſs ping 
with heads ſuited to enter the holes, and fall down in the 
grooves, into a narrow-pointed part of them, are readily 
flipped on or off each leg. Thus every ſtand, excluſive of its 
own weight, which is about thirty-one pounds, being loaded 
with forty-two pounds of lead, is thereby rendered perfectly 
firm and ſteady. 

A number of wedges were alſo prepared, and always ready 
to be placed under the legs; by means of which, and a ſpirit 
level laid on the table, its plane is brought to the proper 


| poi. tion. 


Notwithſtanding all theſe precautions, it having been found, 


an the meaſurement with the deal rods, that time was loſt in 


levelling the ſtands, particularly in ſituations where the ſurface 
happened to be more than uſually uneven, or where it was of 
a looſe or ſpungy nature; therefore Mr. SMEATON adviſed 


(and no man's advice 1s more deſerving of attention), that deal 


platforms, ſtanding on pickets driven into the ground, and 
properly levelled, ſhould be uſed to receive the legs of the 
ſtands. Accordingly, for the operation with the glaſs rods 
(table XIX.) twenty ſuch triangular platforms made of inch 
deal, whoſe ſides were each three feet two inches in length, 
and void in the middle, were provided; as alſo a number of 
beech-pickets, about an inch and a half ſquare, and of dif- 
ferent lengths, from ſeven to twelve or fourteen inches. Three 
of theſe pickets, ſhort or long as the ſituation required, being 
dnven into the ground, till their heads (by the carpenter's 

I level) 
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level) were brought to the proper height, the platform was 
laid upon them; and on that the ſtand itſelf being placed, its 
poſition was ultimately corrected by the ſpirit level laid on 
the top of the table. Each of the beech pickets had a hole 
bored through its top, fit to receive a piece of ſtrong tent- 
line, by which, and the help of one of the camp mallets, the 
pickets were eaſily pulled up again, when the platform was to 
be removed to a new fituation. 


Boning Teleſcope and Rode. Tab. XVII. 


In order to trace the line of 200 yards or 600 feet tl. rough 
the air, from one fixed ſtand to the other, it was uſual; in the 
firſt place, to ſtretch a cord extremely tight along the ground, 
and to divide the ſpace into rod lengths, by ſmall wooden pins 
placed cloſe by the cord, which remained there, and accordingly 
marked, very nearly, the points over which the centers of the 
intermediate ſtands were to come. A piece of wood, about 
fourteen inches in length, and one and a half in breadth, 


painted white, with a narrow black lime along the middle of 
it, being prepared for the purpoſe, was laid on the ſurface of 


the farther ſtand. The boning teleſcope, fourteen inches long 
and one and: a half in diameter, with a ſmall magnifying 


power, and moveable object - glaſs, fo as to fit it for very ſhort: 
diſtances, was then laid on the ſurface of the neareſt ſtand ;: 


which, by means of wedges placed under the legs, had that 
ide towards the farther ſtand ſo elevated or depreſſed, as to 


bring the croſs wires to comcide with the black line on the 
painted board. Twenty+four boning rods had been originally 


provided; but it rarely happened, that more than eight or ten 
of 
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of that number were uſed in any one ſtation: They are or 
clean deal, upwards of five feet in length, one inch ſquare, 


and pointed with plate iron at the bottom, ſo as to be eaſily fixed 
into the ground. Each tod carries a croſs vane, ſix or ſeven 
inches in length, and three-quarters of an inch in breadth, 
This croſs vane, being moved upwards or .downwards along 
the rod, till its upper ſurface coincided with the croſs wires of 


the teleſcope and black line on the painted board, its under ſur- 
face then marked the height to which the ſurface of the ſtand 
was to be brought at that particular place. In this manner, a 
certain number of points, in the line paſſing through the air 
from one fixed ſtand to the other, being accurately obtained, 
it was very eaſy, at all the intermediate places, by the appli- 


cation of the eye alone to the ſurface of any one ſtand or rod, 


to bring the ſurfaces of the other ſtands near it into the ſame 
plane. SH 


d 
} 


* * Tripod for W the point upon the 3 here 


the meaſurement was di ifcontnued at night, and reſumed next 
morning. Tab. XVI. 


It has boon 8 mentioned, and, in giving the account 
of the rough meaſurement with the chain, there will be far- 
ther occaſion to remark, that the baſe was divided into hypo- 
thenuſes of 200 yards or 600 feet each, where ſquare pickets 


were driven into the ground, and regularly numbered, ſo as to 


be eaſily referred to on any occaſion. In the meaſurement 
with the rods, it was cuſtomary to finiſh the day's work at or 
near one of theſe ſtations. When the ' rods of twenty feet 


were uſed, the termination of a rod was, of courſe, always 


found 


to ieſe 
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eund to be within a few inches of the picket correſponding 
with the hypothenuſe, as determined by the chain. But with 
the rods of twenty feet three inches, the day's. work was al- 
ways ended. with a fractional rod, by ſuſpending a plummet 
from ſore convenient part of the ſtem, marked for the pur- 
poſe, and which conſequently became the point of commence- 
ment next morning. 

The brafs cup, made uſe of on theſe occaſions, is of the 
fgure of an inverted truncated cone, whoſe mean diameter is 
four inches, and its depth about five, with a very ſmall inch- 
nation in the ſides. It was placed in a hole dug for it in the 
earth, immediately under the point of ſuſpenſion of the plum- 
met, ſerving only to hold the water in which it vibrated. 

The nature of the tripod will be beſt conceived from the 


ſtrong pieces of beech wood, mortoiſed into each other, ſo as 
to ieſemble a half croſs, or the letter T inverted, having three 
ſtrong iron prongs, about twelve inches in length, which paſs 
nuts at top. On the ſurface of the tripod lies a fimilar half 
ection of the longeſt fide, and fixable by its proper ſcrews, 


croſs carries on its ſurface a braſs ruler, moveable at right-angles 


frews, and on whoſe end is cut a very fine interſection. 


plan . and elevation of it in tab. XVIII. It conſiſts of two 


through the ends of the wood, and are faſtened to it by ſquare 
crols of mahogany, moveable by means of grooves in the di- 
when brought to the deſired poſition: This mahogany half- 
b the former direction, fixable alſo. by means of its own 


Thus any day's operation having been finiſhed, the tripod was 
Paced near the cup, with it longeſt fide parallel to the line of 
neaſurement, and its prongs driven into the ground, ſo as to 
de rendered perfectly immoveable without. great violence. The 
lummet being then ſuſpended by a fine gilt wire, at any part 

ot 
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of the ſtem of the deal rods indifferently, but always at the fixed * 
or hindermoſt end of the glaſs rods, the brafs ruler was advanced 
ſo near as almoſt to touch the wire, and there made faſt. This 
being done, the mahogany half-croſs was laſtly moved back. 
wards or forwards, in the direction of the line of meaſurement, 
until the interſection, as ſeen by a perſon lying down on the 
ground for the purpoſe, accurately coincided with the gilt wire, 
where it was likewile faſtened by its proper ſcrews. A tent 
was then pitched very near the apparatus, for the foldiers who 
furniſhed the centinel for its fecurity, till the meaſurement 
was reſumed; and particularly to guard it from being 
diſturbed by cattle during the night. 


Wheels fur terminating, in a permanent manner, the extremities of 
the Baſe. Tab. XVIII. 


Before any accurate meaſurement could ultimately be made 
of the baſe by means of rods, in order that we might with 
certainty refer to the ſame point, on any occaſion that might 
ariſe of correction or repetition of the work, it had all along 

been foreſeen, that it would be abſolutely neceffary to fink deep 
into the ground wooden pipes, or ſuch like things, at the ex- 
tremities of the baſe, which could not be removed, or even 
diſturbed, by idle or ignorant people, without very conſiderable 
labour. Mr. MyLNE, F.R.S. was accordingly requeſted to 


* That this might be conveniently done, a moveable ſtand was placed, under 
the glaſs rod, about four feet from the fixed end, and its table elevated till, by 
bearing agaiaſt the lower part of the caſe, it received its weight. This permitted 
the ſtand under the fixed end to be lowered and removed, to make room for the 
apparatus. 

order 
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order two ſuch pipes to be provided, about fix feet in length 
each, and one foot in diameter, with a bore of four inches in 
the uppermoſt end, for the depth of two feet, and croſs-arms 
near the lowermoſt end, in the ſtile of the common warping 
poſts. AS an improvement on this idea, Mr. MyLNz very 
judicioully propoſed that, inſtead of the croſs- arms, the lower 
ends of the pipes ſhould paſs through the nave of an old 
coach-wheel, and then be ſecured by a bolt underneath. This 
alteration was approved of; and the machines, thus executed, 
were ſent ſoon after by water to Hampton. 

The plan and ſection of one of theſe wheels, with the 
diſhed fide downwards, are repreſented towards the left-hand 
in tab. XVIII. where it will be perceived, that by means of 
four knee-pieces, made of crooked oak, the pipe is firmly 
bolted to the wheel, and thereby kept at right-angles to its 
plane. The top of the pipe is alſo ſecured exteriorly by an 
iron hoop, and has a caſt-iron box driven into it, whoſe inner 
dameter 1s four inches, anſwering to that of the bore. Four 
oak piles for each wheel were prepared to be driven into the 
bottoms of the pits dug for their reception, which were fix feet 
in diameter, and the ſame in depth. The ſoil near Hampton 
Poor-houſe being of a looſe ſandy nature, there the piles were 
eaſily driven into the bottom, until their tops were on the ſame 
level. The flat of the fellies of the wheel being then laid on 
the piles, the earth was filled in and well rammed around the 
pipe, quite up to the ſurface, with which its mouth is even. 
But the ſoil at King's Arbour, being a hard-bound gravel, the 
piles could not be driven into the bottom of that pit; where- 
fore, the flat of the wheel reſts there on the gravel only. 

The braſs cup, formerly deſcribed, was from the firſt in- 
tended to be placed in the pipes, for which purpoſe it has two 
YoL. LXXV. 111 Lids ; 
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Iids; one a ſemi-circle, with the central point marked by 2 the thi 
line cut on its diameter, brought 1 mito the direction of the baſe: neſs to 
with which line the gilt wire, ſuſpended at the extremity of Lier 
the firſt rod, was made to coincide on the commencement of Guard: 


the meaſurement. The other lid has a very ſmall hole made iff to pro! 
in its center, through which the plummet wire is to paſs, Nerz t 
when ſuſpended from the center of the inſtrument, hereafter ty Ml volunt 
be made uſe of for the determination of the angles at the bafe, few d: 
or in any other ſtation whatever, where it may be neceſſary to Ml regime 
bring it very accurately over a point on the ſurface of the Ml veying 
ground underneath. ſuch {| 
and ĩt 
be nec 
Rough meaſurement of the Baſe with the Chain, and determina- has hi 
tion of the relative heights of the Stations by means of the The 
Teleſcopic Spirit Level, Tab. XVI. and XVII. tinguil 
thirty. 
Having in the preceding deſcription of the various inſtru» "nic 
ments, originally provided for the meaſurement of the baſe, Wl 200 y: 
fully explained their conſtructions, uſes, and modes of appli- into tl 
cation; and having thereby anticipated, in a great degree, WM was c: 
what muſt otherwiſe have been ſaid to make them. underſtood Ml camp- 
in any account, blended with that of the execution; little Wound 
more now remains to be given than the journal of our pro» Ml thereb 
ceedings from day to day, and the ultimate reſult of the ope- MW up in 
ration. 8 to | 
After a very tedious delay, Mr. RamsDeEn having at laſt MW were. 
produced his hundred-feet chain, with the portable tranſit inſtru-¶ at eac 
ment; and having lent us an excellent teleſcopic ſpirit level, I dle, t. 
for determining the relative heights ;. two ſections of the baſe I lar pl 
being likewiſe cleared by the ſoldiers, and ſome progreſs made in ſuch 
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the third, we found ourſelves, on the 16th of June, in readi- 
neſs to begin the rough meaſurement. 

Lieut. Colonel CarLDErwoop, of his Majeſty's Horſe- 
Guards, F.R.S. had, from the beginning, been ſo good as 
to promiſe his affiſtance in the operation. Lieut. Colonel PRxIx- 
GL.E too, of the Corps of Engineers, obligingly became a 
volunteer on the occaſion ; as did alſo Mr. LLOYD, F.R.S. a 
few days afterwards ; while Enſign REeyNoLDs, of the 34th 
regiment, who had for ſome time paſt been employed in ſur- 
veying the environs of the Heath, continued that work with 
ſuch ſpare hands as could be afforded him for that purpoſe ; 
and it is to the plan (tab. XVI.) done by that officer, that it will 
be neceflary to refer in any thing regarding locality, in what 
has hitherto been ſaid, as well as in the ſubſequent relation. 

The lower end of the baſe had for ſome time paſt been diſ- 
tinguiſhed by a St. George's flag fixed to the top of a fir ſpar, 
thirty-five feet in height; and one of the ſignal bell-tents ſtill 


200 yards being made very faſt by a ſtrong iron picket, driven 
mto the ground at the bottom of the flag-ſtaff, the other end 
was carried on along the baſe, and placed at the bottom of a 
camp-colour, in a line with the belbtent. The rope being 
wound around a ſtrong iron reel, prepared for the purpoſe, was 
thereby ſtretched extremely tight, a perſon occaſionally lifting it 
vp in the middle, or at other places, and letting it drop again, ſo 
3 to bring the whole into the ſame ſtraight line. Five perſons 
Were neceflary for the proper management of the chain; two 
at each end for its adjuſtment there, and one towards the mid- 
dle, to lay it cloſe to the rope, or to bear it up in any particu- 
lar place, where the circumſtances of the ground rendered 


1352 being 


remained at the ſtation near the ſuramer-houſe. A rope of 


luch precautions uſeful. The zero or rear end of the chain 
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being ſtrained back ſo as to coincide with the point of com. 
mencement, a ſteel arrow was placed as erect as poſſible in the 
ſemi- circular cavity of the braſs handle at the other end. The 
chain being then drawn on, till the cavity in the rear handle 
could be applied to the firſt arrow, a ſecond was then placed in 
that of the front handle, and ſo on until ſix chain lengths were 
thus meaſured off; which terminating the firſt hypothenuſe, 3 
beech picket, ſomething more than an inch ſquare, and about 
ſeven in length, with N' 1. cut upon it, was driven into the 
ground, till its head was nearly level with the furface. lt 5 
however to be remarked, that the fixth arrow of each hypo- 
thenuſe was conſtantly left in the ground till the firſt of the 
ſucceeding one was placed, to avoid the error that would hare 
otherwiſe ariſen in applying the rear end of the chain to the 
picket inſtead of the arrow. 

In this manner we proceeded on the 16th of June, and n 
the ſpace of about three hours and a half, completed the firt 
meaſurement of the ſouth-eaſt ſection of the baſe, comprehend: 
ing the thirteen hypothenuſes between the flag-ſtaff and ſtation 
near Hanworth Summer-houſe, the diſtance being 78 chains a 
7800 feet, making 2600 yards; and the mean temperature a 
the air being 63“. 

On the ſubſequent day this ſection was re- meaſured will 
equal care, when the total extent fell ſhort of the thirteentl 
picket only five inches. And here it is to be obſerved, that 
conſiderable part of this difference probably aroſe from ti 
ftretching of the chain acroſs Wolfey River, at the ſame tim 
that the irregularities of the ground are greater in this than 
in either of the other two ſections. The mean heat of this 


day was 65*, 
The 
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The operation with the chain was ſuſpended during the 18th 
and 1gth of june, thoſe days having been employed in ſettling 
certain matters with Mr. RamspDen relative to the deal rods, 
as well as to give time for the making of a holdfaſt for the 
rear end of the chain, invented by Lieut. Colonel PriNGLE. 
This machine, whereof the plan at large is repreſented by 
dotted lines at the handle of the chain, as it is in ſmall 
by the two elevations adjoining in tab. XVII. conſiſts of a 
ſemi-circular iron plate, from the bottom of which projects 
two double and one ſingle prong. In the middle, between the 
two double prongs, a femi-circular cavity is formed, fitted to 
receive the ſteel arrow on one fide, while that in the braſs re- 
ceives it on the other. In a ſocket in the middle, a ſtrong 
wooden handle, reſembling that of a ſpade, is placed. Thus 
the rear handle of the chain being applied to the arrow, the 
holdfaſt embraces with its double prongs the {ſtraight part of 
the braſs, and in that poſition, being forced into the ground by 
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the action of a man at the handle, the rear end of the chain is 1 
thereby kept ſo firm as to be immoveable by the efforts of the it 
- . . . 4 1 

two men at the other end, in ſtretching it to its true poſition, * 


for the front arrow. 

On Monday, the 21ſt of June, the operations were reſumed, 
by meaſuring twice with the chain (forwards and again back- 
wards) the thirteen hypothenuſes comprehended in the ſecond 
ſection of the baſe, between Hanworth Summer- houſe and 
the north-weſt bank of the great road (an old Roman way) 
leading from Staines to London. This being the ſmootheſt 
part of the Heath, and the holdfaſt being now applied, the 
two meaſurements differed only one inch and a half in the 


diſtance of 7800 feet. This inſtance of accuracy is alone fuf- 
ficient 
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ficient to prove the great excellence of the chain, although 
another will be given hereafter ſtill more ſurpriſing. 

On the ſame day that the ſecond ſection of the baſe was 
meaſured, the levels of that and the firſt were taken. The 
operation of levelling is ſo univerſally known, as to render any 
detail of it unneceſſary. It will be ſufficient to ſay, that the 
ſpirit level made uſe of on this occaſion was a very good one, 
about eighteen inches in length, and could at all times be very 
readily and accurately adjuſted by inverſion in its Y's. The tops 
of the pickets, marking the hypothenuſal diſtances, were the 
points on which the levelling rods were placed on each fide of 
the level; which being inverted at the intermediate picket, 
points equi-diſtant from the center of the earth were thereby 
obtained, at the croſs vanes of the levelling rods, and no cor- 
rection for curvature or refraction neceſſary. It will be readily 
underſtood, that the relative heights of the pickets were found 
by meaſuring their diſtances from the centers of the croſs 
vanes and axis of the teleſcope reſpectively. 

The fix firſt columns towards the left-hand of the 
firſt or general table ſubjoined to this Paper, ſhew diſ- 
tinctly every thing relating to the levels of the whole 
baſe, thoſe of the third ſection having been determined 
on the 22d of June. By examining the table it will be 
leen, that the aſcent on the firſt ſection is 10.555 feet, 
on the ſecond . 8.580 
and on the third . 12. 130 


—- . 


tween the lower extremity at Hampton 8 and the 
higher near King's-Arbour. 


15 1 


The 


31. 265 feet, be- 
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reductions “ depending on the aforeſaid heights, or the dif- 


and the reduced baſe diſtances. With regard to the remaining 


racy by the experiments with the pyrometer. 
Hitherto no uſe had been made of the tranfit inſtrument : 
for, in order that it might be applied to advantage, there was 


experience, could not be effected by ropes only. 


precautions taken for ſecuring the flag-ſtaff, which was like- 


* *The reduction in the ſeventh column, I have computed by the difference 
between the ſquare of the hypothenuſe, actually meaſured, and the ſquare of 


thing by a much ſhorter method. Thus, in the annexed 
figure, CE being the hypothenuſe of 600 feet, DE the 
perpendicular height obtained by levelling, DB the re- 
duction required, or the difference between the hypothe- | | 
nuſe and true baſe; then, ſubſtituting the chord BE in-A C DB 
ſtead of DE, the following analogy is obtained; AB: BE :: 


| 2 
BE : DB; conſequently, a = DB: that is, the ſquare of the perpendicular 


height being divided by double the diſtance, or 1200 feet, the quotient is equal to 
DB the reduction, without ſenſible error. For if DE were four feet, the greateſt 
perpendicular height in the baſe, BE the chord would only exceed it 535555, which. 
would not be more than zg5 part of an inch. The difference between the reſults, 
by the two modes of computation, is ſo trifling as not to deſerve notice. 2 

| tne 


42 
The computed numbers in the ſeventh column are the- 


ferences between the hypothenuſal diſtances of 600 feet each 


columns of the table, or thoſe towards the right-hand, they 
will be ſeverally fpoken to hereafter, in taking into confidera- 
tion the expanſion of metals, as determined with great accu- 


a neceſſity for laying the wheel into the ground at the lower 
end of the bafe, and ſo to modify the St. George's flag-ſtaff 
that, being placed in the pipe, it might be ſteadily ſupported 


by braces in a true vertical poſition ; which we found, from 


The wheet being accordingly laid in its place, and the other 
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wife painted white, that it might be more diſtinctly ſeen from 


the height found by the level; and Lieut. Colonel CAL DERw OO has done the ſame: 
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the farther extremity ; on the 22d of June, the tranſit inſtru. 
ment was adjuſted over the thirteevth picket at Hanworth 
Summer-houſe, while directed upon the flag-ſtaff. But it being 
now found, that the vertical plane paſting through the flag: ſtaff 
fell to the eaſtward of the center of Banſted Spire, therefore 
the tranſit was gradually moved to the eaſtward, until by 
repeated trials the three points were perceived to be in the ſame 
vertical plane, when the picket was moved, and re-placed 
exactly under the axis of the teleſcope, a few inches from its 
firſt poſition. The ſame operation was repeated at the twenty- 
ſixth ſtation, on the farther bank of the Staines Road; and, 
laſtly, at the forty-ſixth, forming the north- weſt extremity of 
the baſe; where a pit was immediately dug for the wheel, 
which was placed therein, without however filling in the earth 
for the preſent, that being deferred till near the completion 
of the meaſurement with the deal rods. Thus the two extre- 
mities, and two intermediate points of the baſe, being accu- 
rately placed, by the help of the tranſit inſtrument, in the 
ſame vertical plane with Banſted Spire, it was cafily ſeen, that 
by arranging camp colours 1n the intervals at any time, all the 
other points might be brought ſo nearly to coincide with theſe 
firſt, as not to occaſion, by deviation, any ſenſible error in the 
meaſurement afterwards to be made. This application of the 
tranſit ſhewed us, however, that ſome labour had been loſt by 
not uſing it ſooner : for at the Staines Road, the tract cleared 
by the ſoldiers deviated about two feet and a half too much to 
the weſtward for the true line; and at King's Arbour it was 
twice as much; fo that we were now obliged to widen tae 
cleared tract, by adding to the eaſtern fide of it. 

On the ſame day that the chief points in the baſe were fixed 
by means of the tranſit, aud the levels of the third ſect'on 
taken 
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taken as before-mentioned, the rough meaſurement of that 
ſection with the chain was completed, and found to contain 
nineteen hypothenuſal diſtances of 609 feet each, and one of 
4104-55, making in the whole 11804.55 feet, between the 
twenty-fixth ſtation at the Staines Road and the center of the 
pipe near King's Arbour, the mean temperature being 624. 
Here it is to be obſerved, that this laſt ſection was only mea- 
ſured once with the chain, the tract not being yet ſufficiently 
cleared to admit of its being done to the beſt advantage; and, 
when completed, it was judged to be better to proceed directly 
in the operation with the rods, than to loſe time in the uſual 
repetition, ſince the merits of the chain, in this way of ap- 
plying it, were already ſufficiently well eſtabliſhed ; and any 
future teſts to which it was to be put were propoſed to be of 
a more rigid nature. | 

When the length of the chain, in its original ſtate, was 
aſcertained by the dots on the braſs pins in the New-England 
plank, it was found, in the then temperature of 74*, to ex- 
ceed the 100 feet by near one quarter of an inch, or 0.245 inch. 
Therefore, in the temperature of 63, being that in which 
the lengths of the deal rods were laid off, and differing very 
little from what was likewiſe the mean heat of the air, when 
applied upon the Heath, the chain, according to the experi- 
ments on the expanſion of the very ſame ſteel, would exceed 
the 100 feet by 0.161 inch, or 6.0134 foot, Hence the 
lum of the three ſections of the baſe, 274 chains, being mul- 
tiplied by 0.01 34 foot, we ſhall have 3.67 feet for the equation 
of the chain + 4. 55 feet, to be added to its length, which will 
then become 27408.22 feet from the center of one pipe to the 
center of the other: and this would have been the true length 


of the baſe, as given by the rough meaſurement with the 
Nor LKXXV. K k k chain, 
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chain, if the ſurface had been one uniform inclined plane 
throughout its whole extent. But, although the aſcent of 
Hounſlow-Heath is ſo fmall, and fo gradual, as to occaſion 
little more than half an inch of reduction, from the 46 hypo- 
thenuſal to the 46 baſe diſtances, into which it is divided, ag 
may be feen by referring to the table; yet each of theſe hy. 
pothenuſes containing again many other ſmall irregularities, all 
of which affect the meaſurement by the chain, in proportion to 
their number and height, in every ſpace of 600 feet, their 
united effects, including the lateral deviations from the true 
line in meaſuring, do ſomewhat more than compenſate for the 
extra-length of the chain, as will be ſeen hereafter in com- 
paring the length of the baſe juſt now obtained with that 
given by the rods. 

The weather, which during the greater part of June had 
been wet, became ſtiH worſe towards the end of the month 
and firſt week of July; ſo much ſo, that even if the deal rods 
had been ready they could not have been uſed with: advantage. 
The ſoldiers, neverthelefs, were not idle, being, when the 
weather would permit, partly employed in clearing the Heath, 
and partly in aſſiſting Mr. REYNOL Ds in the ſurvey, towards 
the perfecting of which many chief points were fixed by 
means of my aſtronomical quadrant, placed for that purpoſe at 
ſeveral different ſtations of the baſe. At this time too (July | 
8th) I levelled from the lower end of the baſe to the ſurface of 


the Thames. at Hampton, and found the deſcent to be 36. 
feet. 


| Meaſurement 


. Meaſurement of a Baſe on Hounſſow-Heath. 425 


Meaſurement of the Baſe with the Deal Rods. 
Tab. XVI. and XVIII. 


Such extraordinary care and pains had been beſtowed in the 
conſtruction of the deal rods, in order to render them the beſt 
which had ever been made, that, although begun early in 
June, they were not completely finiſhed before the r 5th of 
July. They were brought that afternoon by Mr. Ramspen, 
together with the various parts of the apparatus neceſſary for 
their application in the field, to the camp now moved from 
Hanworth Summer-houſe to the interſection of the baſe with 
Wolſey River; whence they were tranſported, early next 
morning, to the pipe near Hampton Poor-houſe, where we 
were met by Sir JosxrH BANks, accompanied by Meſſ. Br. Ad- 
pen, CAVENDISH, LLovp, and SMEAToN, all ready to lend 
their aſſiſtance in the ſubſequent menſuration. 

Before I proceed farther, I think it here incumbent upon 
me very gratefully to remark, that the reſpectable and very 
worthy Preſident of the Royal Society, ever zealous in the 
cauſe of ſcience, and who had repeatedly viſited the heath, to 
offer aid, if ſuch had been neceſſary, while the firſt and 
rougher part of the operations were going on; now, that others 
of a more delicate nature were to commence, and where it was 
of importance, that thoſe entruſted with the execution ſhould 
meet with as few, and as ſhort, interruptions as poſſible, not 
only gave his © tendance from morning to night in the field, 
during the whole progreſs of the work ; but alſo, with that 
liberality of mind which diſtinguiſhes all his actions, ordered his 


tents to be continually pitched near at hand, where his immediate 
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gueſts, and the numerous viſitors whom curioſity drew to the. 
ſpot, met with the moſt hoſpitable ſupply of every neceffary 
and even elegant refreſhment. It will eaſily be imagined, how 
greatly this tended to expedite the work, and how much more 
comfortable and pleaſant it rendered the labour to all who 
obligingly took part in it; but more eſpecially to him, who, 
being a volunteer in it at firſt, conſidered himſelf as bound to 
perſevere in his beſt endeavours to bring it to a ſucceſsful con- 
cluſion. 

From the deſcription that has been given of the deal rods, it 
will be remembered, that they are fitted to be applied in mea- 
ſuring, either by the coincidences of lines, inlaid one inch and 
a half from each extremity, or by the contacts of the ſpherical 
lips of the bell-metal. with which they are tipped. The firſt, 
ſeeming to be the moſt accurate, although the moſt tedious 
method, was that by which we propoſed'to ſet out. 

The flag-ſtaff having been previouſly removed from the 
pipe, and the braſs cup filled with water put in its ſtead, all 
the neceſſary precautions being likewiſe taken for preſerving 
the line of direction, horizontally, by the rope ſtretched along 
the firſt hypothenuſe, and vertically, by means of the boning 
rods; the firſt ivory line on the firſt rod was brought by the 
plummet to coincide with the center of the cup, in which 
poſition, being clamped, it accurately marked the commence- 
ment of the baſe. The ſecond rod being now applied to the 
firſt, and moved up by the apparatus formerly deſcribed (tab. 
XVIII.) till its line coincided with that on the firſt; and, in 
hke manner, the third rod being applied on the alternate ſide 
of the ſecond, moved up and clamped as the reſt; thus the 
exact diſtance of ſixty feet was aſcertained, care being always 
taken, that the firſt adjuſtments were not diſturbed, while the 
ſubſequent 
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rod to its ſtands being then detached, it was carried by two 
men and laid on the alternate fide of the third; and ſo on in 


ſucceſſion, until fifteen rod lengths were meaſured off, being 


the half of the firſt hypothenuſe. 


The time conſumed in meaſuring this ſhort diſtance of 300 
feet was not leſs than five hours ; owing, as has been formerly 
mentioned, to the confined nature of the apparatus for moving 


the rods on into coincidence, which required ſuch nicety in placing 
the ſtands, as could not be effected until after ſeveral repeated 


unſucceſsful trials. All the executive people were therefore of 


opinion, that it would be proper to diſcontinue this mode of 


meaſurement, at leaſt until a more convenient apparatus could 
be thought of for the purpoſe; and that, in the mean time, 
we ſhould proceed by the method of contacts, as the only al- 


ternative we could for the preſent adopt“. 


The rods being accordingly placed in contact with each 
other, we ſoon made greater progreſs, finiſhing the operations 
of the day at the middle of the fourth hypothenuſe, where 
the tripod, with its guard, was placed, to preſerve the point of 


commencement. for the enſuing morning. 


Although I acquieſced in the change thus become neceſſary, yet it was with 
much reluctance, becauſe it left undecided the conteſted point, with regard to 
coincidences and contacts. If we could have proceeded with the coincident rods : 
till eighty-one lengths were meaſured off, and then meaſured back the ſame ſpace - 
by placing eighty rods in contact, the point would have been clearly ſettled. For 
if the termination of the eightieth rod agreed exactly with the point of departure, 


contacts being the moſt expeditious would have been judged the beſt method. On 
the contrary, if the eightieth rod fell ſhort of reaching the point of departure, 


there could have been no doubt, that the difference muſt have ariſen from 


butting one rod againſt the other, whereby a certain ſmall proportion of each 
rod came to be loſt in the account, by being meaſured twice over. 


The 
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The meaſuring rods, when put into the cheſt in London, 
had been compared and found to agree with the ſtandard. The 
compariſon was not repeated on the 16th ; but this being done 
on the 17th, at 7 h. A.M. under the oil-cloth canopy at the 
camp, they were found at a medium to exceed the ſtandard by 
one-fiftieth of an inch, the temperature then being 62% After 
the compariſon they were carried to the place of the tripod, 
when the operation was reſumed by bringing, with the helpof the 
plummet, the ſame point of the rod with which we had left off 
work, to coincide with the interſection on the braſs ruler. The 
meaſurement of this day was cloſed at the end of the tenth hypo- 
thenuſe, when the rods being carried back to camp, were com- 
pared, and found accurately to agree with the ſtandard. 

A conſiderable fall in the barometer, between the evening of 
the 17th and the morning of the 19th, portended rain. Ne- 
vertheleſs, all parties repaired to the place of rendezvous, 
which was appointed at the lower end of the baſe, in order to 
re-meaſure the two firſt hypothenuſes, by placing all the rods 
in contact, which on the 16th had been done partly one way 
and partly the other. The operation being according repeated 
with great care, the point of the fixtieth rod, which formerly 
correſponded to the center of the ſecond picket, was now found 
to be puſhed forward exactly forty-five inches, anſwerable to 
the deficiency on the fifteen coincident rods, with which the 
menſuration was begun. It new began to rain, therefore the 
rods were carried back to camp, and being ſeverally compared, 
they were found to exceed the ſtandard each by one-thirtieth of 
an inch, occaſioned by the extraordinary humidity of the air. 
A heavy rain enſued ; and what made this much more regretted 
by all was, that in the forenoon their Majeſties graciouſly con- 


deſcended to honour the camp with their preſence, and con- 
tinued 
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tinued there ſome time; but the weather becoming rather 


worſe, it was utterly impoſh ble to ſhew their Majeſties the 


nature of the operation, by any progreſs that could at that 
time be made in the work. 


After a continuance of unfavourable weather for ſeveral days, 
the operations were reſumed at gh. A.M. of the 23d, when the 
rods being compared were found ſtill to exceed the ſtandard by 
one-thirtieth of an inch, and the temperature now was 61“. 
Here it is to be obſerved, that in our progreſs forward, an accu- 
rate regiſter had been all along kept of that point of each rod 
correſponding to the center of the hypothenuſal pickets, by 
noting its diſtance from either end, whereby the error of the 
chain at each ſtation was readily diſcovered, at the ſame time 
that the revolutions of the three rods ſerved to keep the account 
of the total meaſurement. In order, therefore, that this me- 
thod might be diſtinctly adhered to, it was judged proper to 
puſh on the rod that lay over the tripod at N? 10. exactly forty- 
five inches, to make good the deficiency of the firſt fifteen 
coincident rods, and that the account might be kept from the 
lower end of the baſe in entire rods of 243, and complete 
revolutions of 729 inches each. This being done, the reſt 
were placed in the ordinary ſucceſſion ; and we finiſhed the 
buſineſs of the day at the eighteenth ſtation, where the rods 
being compared at 6 h. P.M. their mean length was found to 
exceed that of the ftandard 2th part of an inch, the tempera- 
ture then being 54*. 

On Saturday the 24th of July, the rods were three times 
compared; at 7 h. 3o' A. M., 11 h. 15“ A. M., and g h. 45 P.M. 
Their mean exceſs above the ſtandard was found to be one- 
thirtieth of an inch, and the mean heat 64% In the courſe of 


the day, the meaſurement was continued from the eighteenth to 
the 
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the twenty-ſeventh ſtation, or firſt of the third ſection of the 
baſe, where the tripod was placed as uſual; and there it re- 
mained untouched, on account of bad weather, till Monday 
the 2d of Auguſt. | 

Conſidering how much time and labour had been beſtowed in 
obtaining what we certainly had every reaſon to conclude were 
the beſt deal rods that ever were made, it was no ſmall diſap- 
pointment now to find, that they were ſo liable to lengthen 
and ſhorten by the humid and dry ſtates of the atmoſphere, as 
to leave us no hopes of being able, by their means, to deter- 
mine the length of the baſe to that degree of preciſion we had 
all along aimed at. But ſince more than one-half of it was 
already meaſured, it was judged proper to proceed with them in 
their preſent ſtate, and then to have them carefully painted or 
varniſhed, before they ſhould be farther uſed. 

The unfavourableneſs of the ſeaſon, and delays in obtaining 
the inſtruments, had already been the cauſes of protracting the 
operations on Hounſlow-Heath greatly beyond what was at 
firſt expected; and the failure of the deal rods gave no imme- 
diate proſpect of their being ſpeedily brought to a concluſion. 
On revolving in my own mind the different alternatives we 
might ultimately be obliged to have recourſe to, metal rods of 
ſome kind or other, whoſe expanſion could always be deter- 
mined by experiment, ſeemed to promiſe a reſult that might 
be ſafely relied on. Caſt iron was what J had thoughts of 
propoſing, knowing from an experiment which I had made 
myſelf, that it expanded leſs than ſteel. The cumberſomeneſs 
of its weight appeared indeed objectionable z but that incon- 
venience was either to be ſubmitted to, or one of another kind, 
namely, the reduction of the length, which was always, if 
poſſible, to be avoided, 


5 At 
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At this time Lieut, Colonel CAL DER WOOD could not conve- 
niently lend us his aſſiſtance in the field; but he viſited us 
occaſionally, and on one of theſe viſits propoſed to me, that 
glaſs rods ſhould be made uſe of inſtead of deal; putting me in 
mind of another experiment * that I had made, which ſeemed to 
ſhew that folid glaſs rods expanded leſs than tubes. This pro- 
poſition the Lieutenant- Colonel, before he came to the heath, 

had made to Mr. RamsDen, who appeared averſe from making 
the trial, becauſe of the great length of the rods, and the 
brittleneſs of the material. Nevertheleſs, it being ſufficiently 
obvious, that glaſs rods or tubes of the full length, or ſome- 
thing approaching towards it, would be much ſooner provided 
than any metal rods whatever, and the ſaving of time being 
a point of conſequence ; Lieut. Colonel CAL DER WOOD was ac- 
cordingly requeſted to make the trial at the glaſs-houſe, as ſoon 
as poſſible after his return to town. Next day he ſucceeded in 
getting a fine tube drawn, eighteen feet long, and about one 
inch in diameter; and there ſeemed to be no. longer any 
doubt, that thoſe of the proper length might be obtained. It 
was found, that ſolid glaſs rods of ſuch extraordinary dimenſions 
could not be had, it being impoſſible to take at once a ſufficient 
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The experiment here alluded to was made with Mr. Cunminc's pyrometer, 
which from its conſtruction did not admit of a very accurate eſtimation of the 
heat communicated to the ſtandard bar, the rod, and tube reſpectively. Either, 
therefore, the natures of the glaſs rod and tube, made uſe of at that time, muſt 
have been very different, to cauſe the difference of expanſion; or ſome circum» 
ſtance in the inſtrument unattended to had occaſioned the fallacious appearance: 
for it will be found, from the experiments hereafter to be given in detail, that a 
ſolid glaſs pendulum rod expands fully as much as, nay in this particular inſtince 
even more than a tube ; but different glaſs, having different ſpecific gravities, 
will no doubt be ſuſceptible of different degrees of expanſibility. 
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«quantity 'of the melted metal on the irons, made uſe of for 
drawing them at the glaſs-houſe. 

The week of rainy weather, which ended the month of 
July, occafioning, as has been ſaid, a total ſuſpenſion of the 
operations on the heath, was employed in procuring a ſuffi- 
cient number of glaſs tubes (one whereof was not leſs than 
twenty-ſix feet long) and regulating with Mr. Ramspes 
every thing concerning their conſtruction into meaſuring rods, 
The deſcription of them we ſhall however defer until the time 
of their application in the field, after having finiſhed the opera- 
tion with thoſe of deal. 

On Monday the 2d of Auguſt, the operations on the heath 
were reſumed at 8 h. 30“ A.M. by comparing the rods with 
the ſtandard, which they were found to exceed by one-fortieth 
of an inch, the temperature then being 66% The forward 
end of the rod now placed over the tripod at N* 27, com- 
pleting the 8ooth length, reckoned from the lower end of 
the baſe by rods of 243 inches each ; and theſe being equal 
to $10 rods of 240 inches; it was judged proper to mark a 
point upon the ground correſponding to this forward end, that 
it might be referred to in returning back with the meaſurement 
by the glaſs rods. This was done by ſinking two ſmall pickets 
into the ground, about a foot aſunder, one on each fide of the 
| baſe, and at right angles to it. A filk thread being then 
ſtretched over the tops of the pickets, and gently moved on 
till it touched the filver wire ſuſpended from the end of the 
rod, fine notches were then made with a pen-knife in the tops 
of the pickets, whereby the thread could be replaced in the 
fame ſituation ; which being done, the pickets were covered over 
with earth. In the courſe of this day nine hypothenuſes were 


meaſured ; and at 7 h. P.M. the tripod was placed at the thirty- 
ſixth 
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fixth ſtation. The rods, being now compared, were found to 
agree with the ſtandard ; and the temperature was 67%. 

On. Tuefday the 3d of Auguſt, the rods were compared 
at 7 h. A.M. and found only to exceed the ſtandard: by one- 
fixtieth of an inch, Being arrived at the middle of the forty- 
firſt hypothenuſe, a point correſponding to the forward end of 
the 1215th rod was transferred to the ground by the double 
pickets and filk-thread, as had been done at the twenty-ſeventh 
ſtation. The meaſurement was then continued to the north- 
weſt extremity of the baſe, which was found in the whole to 
contain 1353 complete long rods of 243. inches each ＋ 21 
inches, where the tripod was placed, in the point which of 
courſe correſponded to the 1 370th ſhort rod of 240 inches 
each, equal to 329800 inches, or 27400 feet. To which 
diſtance we have yet to add 4.31 feet, being the ſpace inter- 
cepted between the interſection on the tripod and the center of 
the pipe marking the north-weſt extremity of the baſe ; whoſe 
total length, as given by the deal rods, without regard to ex- 
panſion, or reduction of the hypothenuſal line, becomes 
27404. 31 feet. And here it is to be obſerved, that the inter- 

ſection on the tripod terminating the 27400 feet only over- ſhot 

the picket anſwering to the 274th chain by two inches and: 
nine-tenths. But this nice agreement between the reſult by 
the deal rods, and that furnifhed by the rough meaſurement 
with the chain, ariſes from the extra-length of this laſt, which 
ſo nearly compenſated: for all the irregularities of the ſurface. 
The meafurement with the deal rods being finifhed, they 
were compared at 5 h. PM. and found to agree with the 
ſtandard, the temperature then being 75. 
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Expanſion of the Deal Rods. 


It has been an opinion generally enough, although, as we 
have ſec, erroneouſly received, that very ſtraight-fibred deal 
was not at all, or but little, affected longitudinally by the hu- 
midity of the air. That we might not be led aſtray by truſt- 
ing to fallacies of this ſort, the ſtandard rod had been proyided; 
which being always cloſely ſhut up in its cheſt, except during 
the ſhort interim of compariſon, could feel but a ſmall propor- 
tion of the effects which the meaſuring rods- ſuffered, theſe 
being conſtantly expoſed to the open air throughout the day, as 
well as to the moiſture. of the night, when lying under the 
oil-cloth canopy. The ſtandard rod, it is true, covid not be 
accurately compared with the braſs ſcale : for although when 
conſtructed, braſs pins, forty inches aſunder, had been driven 
into its ſtem, for the purpoſe of. ſuch compariſon, yet theſe 
had afterwards been diſplaced, or. at. leaſt the points upon them 
defaced, by the planing over of the upper / ſurface. This cir- 
eumſtance, which was unattended to when the operations 
commenced, is now of no conſequence ;. ; becauſe, from an ex- 
periment hereafter to be mentioned, the lengthening of the ſtan- 
dard may be pretty nearly aſcertained. But ſince there are ſome 
contradictory circumſtances, ſoon to be mentioned, in the ope- 
ration with the deal rods, which would have made a repetition, 
of it abſolutely neceſſary, if we had not now obtained thoſe of 
n different kind, ſo very unexceptionable in their nature and 
mode of application, as, in the preſent caſe, to admit of no 
competition between the two reſults, and to render it improper 
on our part ever to have farther recourſe to the firſt ; & there 

1 can 
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can be little doubt, that deal rods will be univerſally. rejected by 
other countries, in any meaſurements _ may have occation 


to make iu future a 


About the 1oth of 1 two 10 one «1 New-England? 
and the other of Riga deal, being meafured by the fixed points 
in the great plank in Mr. Ramspen's ſhop, and having each 
two braſs pins driven into them at the diſtance of twenty feet, 
were laid on the top of the houſe, where they remained until 
the 26th, the weather, for the greater part of the time, having 
been very wet. They were then taken down, and being, by: 
means of the long beam compaſſes, compared with the mea- 
ſures on the plank, the New-England rod was found to have 
lengthened 0.031 inch, and the Riga rod 0.041 inch. By which 
experiment the fact ſeems to be::eftabliſhed, that Riga red 
wood, notwithſtanding the quantity of. turpentine . which it 
contains, is more ſuſceptible. of the effects of moiſture..than 
New-England white wood. Mr. RamspeEnN likewiſe finds, 
that the great plank fo often mentioned, ſuffers, in ordinary 
ſummer weather, an alternate expanſion and contraction, 
amounting at a medium to 0.0041 of an inch every day : that 


is to ſay, if the diſtance between the twenty-feet braſs points 


be meaſured from the ſcale, by means of the beam compaſles, 
in the evening, it is found to have lengthened next morning 
0.0041 of an inch, by the humidity of the intervening night. 
In the courſe of the following day it contracts again to its for- 
mer length, and ſo on. Mr. RamsDen has often oblerved 
this alternate change in the deal plank ; but it was particularly 
on the 11th and 12th of Auguſt, that the quantity was actually 
meaſured. It will readily be underſtood, that any difference of 


temperature which might have happened in the braſs ſcale, at 
the 
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account, 

Now, from this laft experiment, it ſeems probable, that we 
ſhall not be very wide of the truth m ſuppoſing, that the 
ſtandard deal rod, which lay cloſed up in its cheſt, under the 
canopy on Hounflow-Heath, would ſuffer the ſame fort of 
alternate expanſion and contraction with the above-mentioned 
plank; that is to ſay, being of Riga wood, on mean expan- 
fion about the middle of the day would be es of an inch. 
By this quantity then we muſt augment: the e 
expanſion of the meafuring rods, in order to obtain within 
certain probable limits (fince we cannot determine it accurately) 
the equation for the expanſion ; or that ſpace by which the 
apparent meaſurement, given by the 1370 deal rods,. ſhould be 
augmented in order to obtain the true length of the baſe ; or 


that which would have been given by unalterable rods, of the 


ſame original length with. thoſe of deal, as 9 in the 
. table. 


Table 


the times of compariſon, was always carefully taken into the 


| Aug. | 


1 


Total 
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mee 
| Table of the Expanton o of the Deal Rods. 
— ——— — 
N of | Hour of | Temp. Obſerv-| De Deci- 3 = Equation | Total 
| Days. | rods compariſon. of the | ed ex- | mal | for the for the | expan- 
| | air, |panſion.| mean, meaſ. rods.| ſtandard. | ſion. 
. ; h. . In. | + In, In. In. 
| | 4 oA. u. 48 eth 
y 9 105 | 6 oP.M.| 62 | 8 _—_— 1.050 0.2025 8 3125 
| | oA. M.] 62 Toth | | | 
1 195 4 oP.M. 3 2 _— 1-950 | 0.4875 2-4375 
9 OA. M. 61 15 LG 5.6400 
23 240 | '6 ok. M 54 | [vs | 0.021 | 5.040 | 0.6000 5 6400 
| 7 30A. M. | I TH | | | 
xa 0. f. 15A. M.] 66 r | 0-033} 8.910 | 0.6650 [9.5750 
Wer e aer 
1 | OA. M. T5 | 
ſg. 2 270{| 7 oM 674 | © j{0-0129] 34375 | 9.6650 . 
7 O. M.] 56 J ks 11 
| 3 290 5s o. M 75 j|o N 0.493 | 0.7250 $4608 
Total [5379 3 J..... 0p: 20.818 3.405 24.223 
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of July, yet the expanſion probably was, and therefore has been eſtimated, at 
| the ſame rate as it was found on the fullowing day. 


— — »„— * — — 3 
1 „ — _ 


By examining the preceding table, it will appear, that the 
total expanſion on the 1370 deal rods, including the ſmall 
equation for the lengthening of the ſtandard, amounts to 
24.223 inches, or 2.02 feet; which being added to the appa- 
rent length of the baſe 27404.31 feet formerly obtained, we 
ſhall have, for the hypothenuſal length, 27406. 33 feet: and 
from this deducting 0.07 foot, the exceſs of the hypothenuſal 
above the baſe line, or the reduction contained in the ſeventh 
column of the general table of the baſe, there will remain 


27406.26 for the diſtance given, by the deal rods, between the 
b OT centers 


N. B. Although the rods were not compared with the ſtandard on the 16th þ 
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centers of the pipes terminating the baſe, reduced to the level 
of the loweſt, or that at Hampton Poor-houſe, in the tempe. 
rature of 635, being that of the braſs ſcale when the lengths 


of the deal rods were laid off. All this, however, ſuppoſes 


three things to be abſolutely certain : firſt, that the expanſion 
of the rods has been accurately eſtimated; ſecondly, that no 
error has ariſen from the butting of the rods againſt each 
other, in order to bring them into contact; and, thirdly, that 
no miſtake of auy kind has been committed in the execution, 
When we come to give the true length of the baſe, as ulti- 


mately aſcertained by means of the glaſs rods, it will appear, 
that one or more of theſe three 
although it is moft probable, that only the two firſt ſources of 
error have contributed their ſhare of the total difference be- 


have actually taken place; 


tween the two reſults. But the diſcuſſion of this point muſt 


be deferred for the prefent ; and I fhall now finiſh the fubject 
of the expanſion of the deal rods, by mentioning two other 
compariſons of them, which ſerve to fhew ſtill more obviouſy, 


how improper they are for very accurate meaſurement! 

It has already been remarked, that the laſt week of July 
was ſo wet as to occaſion a total ſuſpenſion of the operations on 
Hounſlow-Heath. On the 26th of that month, at 8 h. A.M. 
the temperature being then 63?, the rods were compared with 
the ſtandard, and found to exceed it, at a medium, one-fifteenth 
part of an inch. Now, if we ſuppoſe the whole baſe to have 
been meaſured with the rods in that ſtate, the difference would 
have amounted to more than 74 feet, excluſive of what the 
ſtandard itſelf might have altered from its original length. 

The other compariſon was made at Spring-Grove, in the 
beginning of September, after our operations on the heath had 


been finiſhed, and the deal rods with their apparatus depoſited 
7 | under 


unde 
in V 
wou 
or C 
mort 
imbi 
inter 
day, 

ſever 
nicet 
The 

top. 

ſever 
and | 
was 
ſively 
ſured 
mity 
inche 
ward 
of th 
Thus 
on tl 
Duri: 
lay o 
came 
At 7 
Cœel ve. 
reſt v 
deen 

havir 


Meaſurement of a Baſe on Hounflow:Hzath. 439 
under the roof of Sir JosEPH BANR s's Barn. The object here 


in view was the meaſurement of ſuch a ſpace as the garden 
would conveniently admit of, when the rods were in their dry 
or contracted ſtate; and to re- meaſure the ſame ſpace next 
morning, when the rods, being left out for the purpoſe, had 
imbibed all the humidity they could from the moiſture of the 
intervening night. Accordingly, the fourth being a fine dry 
day, the ſun ſhining bright, and the thermometer about 68?, 
ſeventeen ſtands. were Takes, xa in the long walk, WO ſo much 


hs ws A 3-5. A. 


The firſt or lowermoſt ſtand had a braſs als ſcrewed: to its 


top. The two uppermoſt, that is to ſay, the ſixteenth and 


ſeventeenth, were of the fixed kind, each with a braſs flide, 
and placed only forty-five inches aſunder. The firſt deal rod 
was made to butt againſt the braſs cock, and the reſt ſucceſ- 
ſively againſt each other, until fifteen rod lengths were mea- 
ſured off, and a fine line drawn on the ſlide marking the extre - 
mity of the fifteenth. That rod being removed, forty-five 


inches, taken from the braſs ſcale, were then laid off back- 


wards from the line on the ſlide of the ſeventeenth to the ſlide 
of the ſixteenth ſtand, where another fine line was drawn. 


Thus the ſpace comprehended between this laſt line and the cock 


on the firſt ſtand, was juſt 300 feet, or fifteen coincident rods. 
During the night of the 4th, which was very fine, the rods 
lay on the ſmooth graſs. About ſun- riſing of the 5th there 
cane on a thick fog, which entirely diſpelled about 8 o'clock. 
At 7h. A.M. the rods being lifted from the graſs, it was per- 
ceived, that the under ſides were perfectly dry, while all the 
reſt was quite wet with the dew that had fallen. The four- 
teen ſtands, comprehended between the firſt and fixteenth, 
having their diſtances gradually reduced from twenty feet three 
Vol., LV. Mm m inches 
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Inches to twenty feet, the operation of re-meaſurement wag 


then begun, by placing the rods in coincidence with each 
other (which was now found to be eaſily and accurately effected 
by a few repeated ſtrokes with a wooden wedge only) until the 
fifteen rod lengths were meaſured. off, and à fine line, cor- 
reſponding with. the ivory on the fifteenth, was drawn on the- 
braſs ſlide. This line was. found to be o. , or near half an 
inch. beyond that which terminated the 3oo feet the preceding 
evening. Hence it is. evident, that the dew imbibed only in 
one night, or a ſpace of time not exceeding fourteen hours, 
occaſioned ſuch an expanſion in the deal rods, as in the whole 
baſe would have amounted to 45.484 inches. 

It is. ſufficiently obvious, that this laſt mentioned experi- 
ment was more accurate, in the proportion of about fifteen to 
one, than any compariſon we could at that time have made with 
the ſtandard. But ſince immediately after it was finiſhed, the 
fun. ſhone out very bright, it is by no means certain, how ſoon 


the rods would again have contracted to their former length, or 
near it, had they been. expoſed. to his rays. Repeated compa- 


riſons for aſcertaining facts of this ſort, at very ſhort interims, 
are abſolutely: incompatible with the nature of ſuch tedious and 
troubleſome operations as the meaſurement of long baſes: and 
here, indeed, lies the great objection to the uſe of deal rods, 
that at no time can we be certain how ſoon, after a compariſon 
has been made, they may alter their length in a proportion, and 
ſometimes too even in a. ſenſe, different from what was ex- 
pected. | 
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Deſcription of the Glaſs Rode, ultimately made uſe of to deter- 
mine the length of the Baſe. Tab. XIX. 


It has been already mentioned, that the week of rainy wea- 
ther in the end of July was employed in providing the glaſs 
tubes, and in concerting matters with Mr. R a MSDEN, relative to 
their conſtruction as meaſuring rods. Notwithſtanding their 
great length, they were found to be ſo ſtraight that, when laid 
on a table, the eye, placed at one end looking through them, 
could ſee any ſmall _ in the axis of the bars at the other 
end. 

The nature and conſtrution of ao glaſs ene, whereof 
three were finiſhed for the operation, will be beſt conceived by 
conſidering, with care and attention, the plans and elevations 
of them, in whole or in part, to different ſcales in tab. XIX.; 
where likewiſe may be ſeen, plans and ſections of the ends of 
the tubes, in their real dimenſions, for the better nn 
the ſeveral parts of the apparatus placed therein. 

The caſe containing the tube, and which ſerves to keep it 
from bending in its original ſtraight poſition, is every where of 
the depth of eight inches, of the ſame width in the middle, 
and tapers from thence, in a curvilinear manner, towards 
each end, where it is only two inches and a quarter broad. It is 
made of clean white deal, the two ſides being half an inch, 
and the top and bottom three-eighths in thickneſs. Theſe 
laſt are placed in grooves fitted to receive them, about half an 
inch from the upper and lower edges of the ſides, which bend- 
ing eafily, and applying cloſely, are then firmly faſtened by 
two rows of wood ſcrews on each fide, to the top and bottom 
M m m 2 reſpec- 
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reſpectively. Thus, the depth of the ſides in ohe ſenſe, and 
the ſpring which they have by bending in the other, act as 
truſſes, prevent the caſe from warping, and render it ſuffi- 
ciently ſtrong, although at the ſame time, confidering its great 
length, very light. 

The plan of the middle rod repreſents the caſe with the top 


off, that the tube may be ſeen placed therein: the right and 


left-hand rods have the tops on, whereby may be ſeen the 


oval opening in the middle of each, ſhut by a mahogany lid; 


and alſo the poſitions of the two thermometers, with tubes 
bent at right-angles, ſo as to place the ball about two inches 
downwards 'within the caſe, for the better aſcertaining the 
temperature of the glaſs, as will eaſily be conceived, by conſi- 
dering the repreſentation « of the tube and Sar 1 in the ſection 
acroſs the middle of the rod. 

It ! is to be obſerved, that the middle of the tube l is made faſt 


to the middle of the caſe in the following manner. Firſt, 


around the middle of the tube, a quantity of pack-thread, im- 
merfed i in liquid glue, was wound by ſeveral returns on itſelf, 


for the ſpace of about two inches in length; and upon this 
maſs of pack-thread, while the glue was warm, a ſtrong ma- 


hogany collar was forced ; whereby the three ſubſtances became 


fo perfectly united to each other, that they might be conſidered 


as one only. Acroſs the bottom of the caſe in the inſide, 
three mahogany braces or girders, one in the middle, and one 


half-way between it and each end, are faſtened, by means of 


ſcrews, to the bottom and fides. Theſe riſe about 14 inch 
above the bottom, ſo as to place the axis of the tube, when in 
uſe, about 24 inches above the furface of the ſtands on which 


it reſts. The end pieces of the caſe are likewiſe of mahogany, 


about 14 inch thick. Each conſiſts of two parts, a lower and an 


upper 7 
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upper. In the lower parts, as well as in the croſs braces, there 
are ſemi- circular cavities lined with broad- cloth, fitted to re- 
teive the diameter of the tube, which reſts in them, and is 
conſequently ſupported at five different* points. The upper 
end-pieces, having likewiſe femi-circular cavities fitted to em- 
brace the upper part of the tube, flip down upon it, when it 
has been, by repeated trials, brought to its true poſition; that 
is to ſay, the axis of the bore into the ſame ſtraight line, the 
caſe being all the while ſupported by its- extremities ou two 
ſtands only, in the manner in which the rods are applied in 
actual meaſurement. The braces within the caſe have alſo 
their upper pieces, which, in hke manner, apply cloſely to 
the tube, and are fixed to the lower ones by means of ſcrews. 


The whole together ſerve only as ſtays to Keep the tube in its 


true place from ſhaking ; but without binding it however too 


cloſely. * Laſtly, the mahogany collar glued to the pack-thread 


6n the middle of the tube, being ſtrongly fixed by four ſcrews 
to the middle brace, as may be ſeen in the ſection, is that by 
which the tube is kept perfectly immoveable with reſpect to 
the middle of the cafe; while it is unconfined longitudinally in 
the cavities lined with broad-cloth every where elſe. 


Both ends of the tube are ground perfectly ſmooth, and 


truly at right-angles to the axis of the bore. That end, which 


m meaſuring uſually lies towards the left-hand (fince moſt 
people will work the ſcrew with the right) projects about 


ſeven-tenths of an inch without the caſe, and is called the 
fixed end, becauſe the apparatus belonging to it is fixed. The 
other end towards the right- hand projects about nine-tenths 
of an inch, and, having a moveable apparatus, is called the 
moveable end. 


The 
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T he Hired apparatus conſiſts of a cork about three inches ! in 
length, made of the very beſt material, and ſo nicely fitted to 
the bore as juſt to admit of being forced into without burſting 
it. In the middle of the cork a cylindrical braſs tube is placed, 
whoſe ſides are thin, the inward end thick, and the outward 
end open. It receives a ſteel pin, whoſe inward end being 
formed into a ſcrew, is thereby | fixed into the thick metal of 
the tube. The ſteel pin carries outwardly a button and neck 
of bell-metal. The neck fits ſo very cloſely the open end of 
the braſs tube as to prevent any ſhake there; at the ſame time 
that the inſide of the button applies very juſtly to the ground 
end of the glaſs tube, to which the outward ſurface (being 
a true plane) i is exactly parallel. 

The moveable apparatus conſiſts, like the other, of a cork 
and braſs tube of the ſame length. Before the inſertion of this 
cork, an oblong piece ſeven-tenths of an inch long, and two- 
tenths broad, was cut from it, in that part of its cylinder an- 
ſwering to the upper part of the outward end of the glaſs tube, 
on the inward ſurface of which, about half an inch from the 
end, a fine line had been previouſly cut by a diamond point. 
The braſs tube in this cork contains within it a looſe ſteel 
worm, or helical ſpring, ſomething leſs than the interior dia- 
meter of the tube. Along the cavity formed by the ſpiral, 
there paſſes a ſteel pin, like that in the fixed end; but it is 
longer, and has no ſcrew at the inward end, that being nicely 
ground, ſo as to fit a circular hole in the inward end of the 
braſs tube, while a triangular bell-metal neck fits one of that 
figure in the outward end. Thus the pin moves freely back- 
wards or forwards without any ſhake, and preſſes upon the 
ſteel ſpring. by means of a circular braſs collar, placed for the 


purpoſe, at the inward end of the neck; while the outward 
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end is attached to a bell-metal button. The outward ſurface of 
this moveable button is ſpherical, deſcribed on a radius of 
about two inches; while the inward ſur face, like that at the 
fixed end, would apply clofely to the ground end of the glaſs 
tube, but ſhould not be puſhed ſo far forward as to touch it, 
A circle and narrow ſlide, cut from a ſolid cylinder of 1vory, 
fitted originally to enter eaſily the glaſs tube, 1s attached to the 
inſide of the button by ſmall ſcrews, and permits the neck to 
paſs through a hole made on purpoſe in the circle. The flide 
is about eight-tenths of an inch long, and has a fine interſec- 
tion cut upon it near the inward end, made black to render it 
more conſpicuous. Thus, two rods being brought i into contact, 
and the fixed button of one being preſſed againſt the moveable 
button of the other, the interſection is thereby puſhed for- 
wards until it coincides with the diamond line on the interior 
ſurface of the tube ; whoſe length i is ſo adjuſted, as that, when 
the coincidence is perfect, the diſtance between the ptane ſur- 
face of one button, and the ſpherical ſurface of the other, is 
exattly twenty feet. The left-hand fide of the plate repre- 
ſents the relative poſiti tions of the extremities of the firſt and 
ſecond rods, when the ivory is in coincidence with the dia- 
mond line. And the right- -hand fide ſhews the relative fitua- 
tions of the extremities of the ſecond and third rods, before 
the ivory is brought to coincidence with the diamond hne, the 
fide being then puthed | out by the action of the ſpiral ſpring 
within the cork. 
Every rod has four wheels, two at each end. They are two. 
mches in diameter, aud connected by a common ſteel axis, 
which riſes and falls in a vacuity prepared for its admiſſion in 


the mahogany end- pieces, the under part of which vacuity is 
alter wards filled up. 


A braſs 


\ | 
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A brafs ſtrap or bridle, about eight- tenths of an is i b; road, 
paſſes over the top of the caſe, and deſcending down each fide, 
bends outwards, fo as to form a projection for the reception of 
the wheels, whoſe pivots turn in, but near to the lower end 
of the bridle, which is kept in its place by means of the two 
fide ſcrews working in grooves, and the milled-headed ſcrew at 
top. This laſt ſerves hkewiſe to raiſe or deprets the wheels at 
pleafure. | | | 

Each rod has two croſh feet, placed immediately behind 
their reſpective pair of wheels, extending outwards about 43 
inches from the center on each ſide. Under their outward ex- 
tremities, ſmall pieces of hardened ſteel, formed into the teeth 
of a file, are fixed by means of ſcrews. W hen the firſt rod 
has been laid in its.true place, by unſcrewing the milled heads, 
the wheels are ſuffered to riſe ; whereby the whole weight is 


removed from them, and thrown upon the teeth of the files, 
which then indent themſelves into the ſurface of the ſtand, 


But when the fixed button 
of the ſecond rod is brought to preſs againſt the moveable but- 
ton of the firſt, the weight being then thrown upon the. 
wheels by ſcrewing the milled heads at top, the rod is eaſily, 
moved on by the following apparatus. 


and become as it were united to it. 


oblong plate to the top of the caſe. On the ſecond, or even 
end of each, 2. 4. and 6. there ſtands a braſs pillar of the ſame 
height with the fork, likewiſe fixed to the top of the caſe by 
four ſcrews and a circular plate. Two ſteels rods or hooks 
were indifferently uſed for bringing up the moveable rod (the 


weight then lying on the wheels) into its true place. They 


are 


The three rods are numbered, as were thoſe of deal, 1.2; 3.4 „ 
5.6. On the firſt or odd end of each rod 1. 3. and 5. there ſtands. 


a braſs fork, about two inches high, fixed by four ſcrews and an 
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are both repreſented in the plate, and+ only differ from 
each other in the ſhape of the braſs milled-headed nuts 
that work upon the ſcrew, of about 24 inches in length, 
into which the right-hand end of each hook is formed. 
Thus, while the nut enters very freely into, and reſts upon, 
the fork, the left-hand end of the hook has a circuler hole in 
it, whereby it ſlips eafily off and on of the braſs pillar. By 
referring to the plate, it will appear ſufficiently obvious, from 
the nature of the nut on the left-hand hook, that it could only 
move the rod on to coincidence, and could not bring it back 
again, if the bufineſs happened at any time to be overdone z 
in which caſe it was neceflary to move the rod a little back- 
wards by the hand, and then to work anew with the nut, 
until the coincidence was accurate: whereas the nut on the 
right-hand hook, having two ſhoulders, could either puſh or 
pull the rod forwards or backwards: and although this ap- 
peared to be an advantage, yet it was' found from experience, 
that it rather bound the hook too much, and occaſioned à kind 
of ſpring in the parts, which ſometimes diſturbed the coin- 
cidence on the removal of the hook; wherefore it was often ap- 
pled, like the other, by placing the ſcrew itſelf in the fork, 
and working with both ſhoulders of the nut behind it. 

The poſitions of the thermometers, and mahogany oval lid 
on the top of the caſe, have already been mentioned. 'This 
laſt, being unlocked and removed, permits the caſe to be looked 
into, or the hand to be admitted, in order to be certain that 
the faſtenings remain ſafe and entire in the inſide. Braſs caps, 
with the reſpective number of the rods engraved on them, are 
likewiſe ſcrewed on the male- ſcrews in the ends of the caſe, 
through which the extremities of the tubes project, to pre- 
ſerve them from accidents when not in uſe. And, laſtly, to 
VeL. LXXV. Nun ſtrengthen 
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ſtrengthen the caſes, but more particularly to prevent them 
from being rent when long expoſed to the ſun's rays in the 
field, the ſides are covered with brown linen laid on very 
ſmoothly, and carefully glued with thin glue, uſed as a flronger 
kind of paſte, to which it may yet be neceſſary to add a coat 

of oil paint. 2 
Each of the glaſs rods, completed in the manner above- 
mentioned, weighs about ſixty-one pounds. Their lengths 
were aſcertained by means of new braſs points placed in the 
great plank, the ſpaces of forty inches being laid off, with the 
utmoſt care, from the braſs ſcale, when the temperature of all 
had remained for the greater part of two days (Auguſt 15th 
and 16th) at or very near 68*, For this purpoſe two braſs 
rectangular cocks, whoſe alternate ſurfaces had been previouſly 
ground together, were placed upon the plank, ſo. as to biſect 
the extreme dots; in which fituation they preſented to each 
other ſurfaces that were truly parallel. The rods being then ſeve- 
rally placed between the cocks * (or, as was found to be a better 
method, 


*The firſt of theſe cocks, or that to which the fixed button was applied, had 
a hole in it exactly of the height of the center of the button, and large enough 
to permit the point of the micrometer ſcrew to paſs through it, the ſaid ſcrew 
being fixed on the farther fide, or beyond the cock, Thus, while the tempera- 
ture continued accurately at 68*, the fixed button, or any other plane ſurface, 
being brought up to the hole in the cock, and the micrometer point ſcrewed fo 
far as juſt to touch it, the coincidence continuing in the interim perfect, the exact 
diſtance of twenty feet was obtained between the point of the ſcrew and the 
ſecond cock; at which time the divifion anſwering to the index on the head of the 
micrometer was carefully noted, This being done, the cock with the hole was 
removed from the plank, and the rods were ſeverally adjuſted by being placed 
between the point of the ſcrew and the ſecond cock. This ſubſtitution of the 
micrometer point, inſtead of the firſt cock, was found neceſſary; becauſe, during 


the operation of adjuſtment, the temperature would ſometimes change a degree 
generally 


courſe of this tedious, yet neceſſary recital, it had been for a 
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method, between the point of a micrometer ſcrew, ſupplying 
the place of the firſt cock, and the ſecond) the ivory interſection 
was at firſt neceflarily carried beyond the diamond line, ſo as to 
make the intermediate ſpace leſs than it ſhould be, until by the 
gradual grinding down of the moveable bell-metal button, it 
was enlarged to twenty feet, as then ſhewn by the accurate 
coincidence of the interſection with the diamond line. 

It was by theſe diſtances in the great plank, prolonged to 
twenty-five feet, that the new length of the ſteel chain was 
now ſettled, ſo as to obtain the full one hundred feet at four 
meaſurements. At this time too, braſs points were introduced 
into the chain at every twenty-five feet, whereby its extent may 
be compared on any future occaſion ; but the temperature had 
now fallen to 66*Z. 3 


1 


Diſpoſition of the Stands for the double meaſurement with the 


Chain and Glaſs Rods ; deſcription of the apparatus then applied 
10 the ends of the Chain; and ultimate continuation of the 
meaſurement with the Glaſs Rods alone. Tab. XVII. and 
XIX. 


From the various circumſtances already mentioned, in the 


conſiderable ſpace of time foreſeen, that the reſult given by 
the meaſurement with the deal rods muſt be entirely rejected, 


generally in exceſs, from handling the inftruments. One degree of alteration, 
producing a difference of about +#5zth part of an inch in the twenty feet, was 


very eaſily and accurately allowed for by fuch a micrometer as this, which ſhewed 


the coincidence of the ivory interſection with the diamond line to be more or loſs 
perfet, when the head of the ſcrew was moved two diviſione, that is to ſay, 
rod dd ths or do th part of an inch. 
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and that by the glafs rods adhered to as every way deſerving 
of the preference; becauſe of the obvious impropriety there 
would be, in taking a mean between one indiſputably good 
and another leſs perfect, however ſmall or trifling in reality 
the difference of the two might ultimately be found, on a 
minute and ſcrupulous compariſon. 

In order, therefore, to avoid any repetition of the operation 
with the glaſs rods, and at the ſame time to give ſomething 
like a fair trial to the chain, it was propoſed, that a double 
meaſurement ſhould be carried on with both at once; that is 
to ſay, that the number of ſtands, and ſeveral other parts of 
the apparatus, ſhould. be fo far augmented, as to admit the 
chain to be placed twice in advance, and then the rods to fol- 
low in ſucceſſion on the ſame ſtands. Accordingly, the various 
articles having been ſent to the north-weſt end of the baſe on 
the evening of the 17th of Auguſt, the operation of the dou. 
ble meaſurement commenced next morning the 18th. 

By referring to tab. XVII. it will be ſeen, that ſeventeen 
ſtands were neceſſary for ſupporting the chain, the apparatus 
attached to each end of it, and ten coffers, whereof every five 
made about ninety- eight feet, in order that one length of the 
chain being meaſured off in the firſt five, it might be drawn 
forward into the laſt five, and ſo on-. Theſe ſeventeen; ſtands 
were diſpoſed of in three groups of three each, and four inter- 
mediate, between the central and extreme groups. The mid- 
dle or ſlide ſtand of each group (ſo diſtinguiſhed beeauſe ſome 
of them had braſs {lides on their tops) ſupported. the handle of 
the chain, and of courſe received the traces made at the feather- 
edged pieces of braſs, terminating the beginning and ending of 
the hundred feet. Thus, there were in all ſix ſtands, inter- 


5 | the 
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the ninety-eight feet of coffering, which was kept ſa much 
ſhort of the hundred feet, that its extreme parts might not reſt 


upon, or even touch, the central ſtands. To that on the. left of 
the center was attached the apparatus for the firſtor zeroend of the 
chain; and to that on the right of the center was attached the 
apparatus for the laſt end of the chain. When the ſecond 


chain length had been meaſured off, the firit and fixth of the 
cofter ſtands of the firſt chain were moved forward to prepare 
for the third chain; and the four remaining coffer ſtands were 
raiſed, until their-ſurfaces came into the ſame plane with the 


flide ſtands, for the reception of the glaſs rods. The ſpace by 
which theſe ſtands were raiſed was about three inches; for ſo 
much higher was the ſurface of the interſole or flooring of the 


coffers than the ſtands which ſupported them. 


The apparatus attached to the firſt end of the chain, or that 
which ſerved to pull it back to the point of commencement, - 
while a weight continued ſuſpended at the farther end, con- 
fiſts of two parts, as may be ſeen by referring to the left-hand - 
fide of tab. XVII. Furſt, a ſmall wooden frame, fitted to flip 
on to the top of any one of the ordinary ſtands, placed imme- 
diately to the left of that which ſupports the handle. - Secondly, - 

a flat ſteel rod, about two feet in length, wherein a number of 
holes are piereed, about an inch aſunder, for the reception of 


a ſteel pin placed in one of the holes, as beſt ſuits the diſtance 


of the ſtand from the handle. That end of the ſteel rod 


neareſt to the end of the chain is formed into a ſcrew about 
four inches in length, and it receives upon it a forked hook 
fitted to lay hold of the ſtraight part of the handle of the chain. 


Within the forked hook there works a ſtrong milled-headed 

braſs nut, which acting upon the bottom of the fork, the chain 
is thereby pulled back, until the wire ſuſpending the plummet 
| from 
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from the dart on the feather-edge coincides with the point of 
commencement on the ground underneath ; for which purpoſe 
there is a hole in the top of the ſtand through which the wire 
paſſes. The apparatus ſtand, thus ſerving to pull back the 
chain, was commonly loaded with double weights, placed on 
the two hindermoſt legs. 

The apparatus for the laſt end of the chain conſiſts, like the 
former, of a ſmall wooden frame that can be readily flipped 
upon any of the common ſtands, as may be ſeen by referring 
to the right-hand fide of tab. XVII. This frame carries a 
pulley, over which a rope paſſes having fourteen pounds weight 
ſuſpended at one end of it, while a forked iron hook at the 
other end lays hold of the ſtraight part of the braſs handle. By 
means of theſe two apparatuſes the chain 1s always kept to the 
ſame degree of tenſion in its coffers, in each of which a ther- 
mometer was placed to indicate the temperatute ; the whole 
being covered up from the direct rays of the fun by a narrow 
piece of linen cloth, {ſtretched along it from one end to the other. 

Each coffer conſiſted of three boards about half an inch 
thick, The ſides were about five inches deep, nailed at the 
middle to an interſole bottom of four inches, in ſuch manner 
as to be repreſented in ſection by the letter H. They were ill 
made, being by their parallelogram ſhape apt to warp, which 
might have been prevented by giving them the figure of the 
caſes of the glaſs rods, that is to ſay, making them wide in the 
middle and narrow at each end. 

We are now to proceed to give ſome account of the double 
meaſurement with the chain and glaſs rods ; wherein it muſt be 
remembered, as alſo in continuing the operation with the glals 
rods alone, that in referring to the map for the daily progres 
in the work, we are going from the forty-ſixth towards the firſt 

ſtation ; 
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ſtation ; and in having recourie to the general table of the baſe, 
for altitude, temperature, or correction for expanſion, we are 
aſcending from the bottom towards the top, contrarily to the 
order in which the operation with the deal rods was conducted. 

On the morning of the 18th of Auguſt, the ſtands with the 
various parts of the apparatus being placed in the manner juſt 
now deſcribed, the operation was begun by bringing the firſt 
end of the chain to coincide with the interſection on the tripod, 
anſwering to the end of the 137oth deal rod, and 4.31 feet 
diſtant from the center of the pipe terminating the north-weſt 
extremity of the baſe. The chain being ſtretched along its 
five coffers by the fourteen pounds weight ſuſpended over the 
pulley at the farther end, and the temperatures of the five ther- 
mometers being regiſtered in a' book kept for that purpoſe, a 
fine trace was made on a piece of card faſtened under the fea- 


ther-edge at the farther handle, denoting the end of the firſt 


hundred feet. The chain being then moved on into the next 
five coffers, thoſe that had been thus vacated were carried for- 
ward to prepare for the third chain length, and thereby permit 
the firſt ſet of ſtands to be elevated for the reception of the 
glaſs rods; and ſo in ſucceſſion with the others. 

In this manner we proceeded, and in the courſe of the day 
were only able to meaſure the length of ten chains, or 1000 
feet, being the forty-ſixth and forty-fifth hypothenuſes of the 
baſe, the firſt of 400 and the laſt of 600 feet. Being arrived 
at this point it was found, that the fine line on the braſs ſlide, 
marking the extremity of the tenth chain, fell ſhort of ano- 
ther fine line on the ſame ſlide, denoting the end of the fiftieth 


glaſs rod, juſt two-tenths of an inch. Now it will appear 


hereafter, when we come to ſhew, by the experiments with 
the pyrometer, what the real contractions of the chain and 
glaſs 
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laſs rods were, for the degrees of difference of temperature 
below that in which their reſpective lengths were laid off, that 
this ſmall apparent difference of two-tenths of an inch, be- 
tween the two modes of meaſuring the thouſand feet, ſhould 
have been 0.17938 in. to have made the two reſults exactly 
agree, which is a real difference of only 0.02062 of an inch. 
Suppoſing then every thouſand feet of the baſe to have been 
meaſured by the chain with the ſame attention, and conſe- 
quently with the ſame, or nearly the ſame ſucceſs (and there 
ſurely cannot be any reaſon to doubt of the practicability) we 
ſhall have 27.404 x 0.02062 in. 0.5651n. or a defect of ſome- 
thing more than half an inch on the whole length of the 


baſe. 


* When the length of the chain was laid off, the heat was 66*Z, and that of the 
zlaſs rods 63%. They will, therefore, only agree with each other accurately in 
theſe reſpective temperatures. The mean of twenty thermometers for the four 
chain lengths of the forty - ſixth hypothenuſe gave a heat of 61*.6; and for the 
fix chain lengths of the forty-fifth, the mean of thirty thermometers: gave 59%7 5+ 
The temperature of the 400 feet of glaſs by the mean of forty. thermometers 
was 659.3; and of the 600 feet, by the mean of fixty thermometers, it was 
605.8. Now, from theſe data, and the expanſions of ſteel and glaſs, as deter- 
mined by the pyrometer, the computation will _— as OW? : 

In, 
66. 5 — 1 6 24 9 A. W — 45856 np 


Steel. 
5 600 66.5 59.75 6.75 x 0.04578 . 30901 * 20" 
SEN. 


Glaſsf 400 68.0=65.3 =2.7 cogent 3 2791 11 


600 68.0 - 60.8 27.2 X 9.03102 2.22334 * * 
Se. 


The 1000 feet of ſteel ſhould have contracted more TI 
o. moe: 


the 1000 feet of glaſs, * — 
But the difference was found ta be - . == 0.20000 
Therefore the error of the chain in defect was. « 0.02062X27.404= 


0.565 in. or little more than half an inch on the whole baſe, 


So 
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. 
* 


ſo very different, could not fail to be conſidered as aſtoniſhing ; 
and as it rarely happens, that the graduation of thermometers 
will ſo nearly correſpond with each other, as not to occaſion a 
much greater error, all were very deſirous that it could have 
been farther confirmed by continuing the operation in the ſame 
way through a more conſiderable proportion of the whole 
length. , But beſides the tedious nature of the double mea- 
ſurement, owing to the multiplicity of ſtands, platforms, 
coffers, and other articles, that were now ſucceſſively to be 
moved forward, and for which purpoſe it had been found ne- 
ceflary to re-inforce the party of ſoldiers with fix additional 
men ; the operation had already trained out to a much more 
conſiderable length than had been expected; the ſummer was 
now far advanced, and the continuance of good weather un- 
certain; the coffers likewiſe for the chain, having been con- 
ſtructed in a hurry, were found to be defective: in ſhort, all 
theſe reaſons contributed to induce us to give up, for the pre- 
ſent, any farther experiment with the chain, and to proceed 
with the glaſs rods alone in the completion of the meaſurement. 

Accordingly, on Thurſday the 19th of Auguſt, the opera- 


tion with the glaſs rods was continued for the five hypothe- 


nuſes, from the forty-fourth to the fortieth incluſive. It will 
be remembered, that in proceeding with the deal rods, double 
pickets had been placed in the ground, at the middle of the 
forty-firſt hypothenuſe, or that point which terminated the 
1215th rod, reckoning from the ſouth-eaſt, or the 155th from 
the north-weſt end of the baſe. Now, in returning to this pomt 
with the glaſs rods, the extremity of the 155th fell ſhort of 
the filk thread ſtretched from picket to picket, juſt one-tenth 
of an inch. The expanſion of the braſs ſtandard ſcale, and 

Vol. I. XXV. Oo o that 


So nice an agreement between two reſults, with iuſtruments 
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that of glaſs being taken into the account, it appears, that the 
{mall expanſion of the deal rods from the humidity of the 
air, muſt, at this point, have exceeded what it was eſtimated 
at m the general table by 0.931 of an inch, ſuppoling no error 
of any kind whatever to haye ariſen in the execution, from 
bringing the rods into contact, or otherwiſe. 

On Saturday the 2ſt of Auguſt, the meaſurement wag 
reſumed at the thirty- ninth ſtation, and continued for five bye. 
thenuſes to the thirty- fifth incluſtye. 

This day, about noon, His MAJESTY deigned to honour the 
operation by Els preſence, for the {pace of two hours, enter- 
ing very minutely into the mode of conducting it, which met 
with His gracious approbation. 

On Monday the 23d, the menſuration was der continued 
for five hy pothenuſes, that is, to the thirtieth incluſive. 

On Tueſday the 24th, we proceeded with the meaſurement 
for the ſpace of ſeven hypothenuſes, fmiſhing the buſineſs of 
the day at the tWenty- ſccond ſtation. 


In. 
170.383 for 16 exceſs of mn, of the braſs ſeale from 
* 155 deal rods 62*to 63˙. 
=231CO feet 70. 651 proportionable part of the eſtimated expanſion from 


humidity. 


* 
— —— — * 


+ 1. 1.034 equation of the deal rods on 3100 feet. 


+0. 301 for 6® exceſs of the heat of the braſs ſcale from 
155 glaſs rods 1 to 680 4 
2 1 — ©, 436 obſerved contraction of the glaſs ſrom the 11th 
* _ 42th columns of the Ka eg 
+0. 100 by which tbe 155th rod fell ſhort of the thread. 
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+ 3. 95 5 eanation of the glaſs rods on 3100 feet. 
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It will be remembered, that in carrying on the operation 
with the deal rods, double pickets were left in the ground at 
the twenty ſeventh ftation, anſwering to the extremity of the 
goth rod from the firſt, or the 5th from the laſt end of 
the baſe. Now, on arrival at this point, the 50th glafs rod 
overſhot the ſilk thread, ſtretched from one picket to the other, 
2.525 inches. Here again we find, that the lengthening * of 
the deal rods from the moiſture of the atmoſphere differs but 


the ſtandard, being over-rated only two-tenths of an inch on 
the 560 rods. In this day's operation, in paſſing the bridge laid 
over the old river, the meaſurement, inſtead of being made in 
the hypothenuſal, was carried on in the level line, for the 
{pace of twenty rods, namely, fifteen rods of the twenty- 
ſeventh, and five of the twenty-fixth hypothenuſe ; which 
occaſions the alteration in the reduction of theſe two {paces, 
marked with aſteriſks 1n the general table. 

As ſome trouble had been found to attend the croſſing of 
the great road, in the firſt meaſurement, owing to the num- 
ber of carriages that were continually paſſing, the depth of 


In, 
* 560 deal ( +1.390 fot 1* exceſs of heat of the braſs ſcale from 62 
Tods = 4 to 63. 
11200 ft. K + 5.258 eſtimated expanſion from moiſture, 


456.648 equation of the 560 deal rods, 


+ 1.821 obſerved expanſion of glaſs from columns 11th 
— 1. 191 obſerved contraction of ditto and 12th. 
— 2.525 over-fhot the filk-thread. 
+ 6.448 equation of the 560 glaſs rods. 
OE: 
Loc gas over-rated in the expanſion of the 560 
9.200] deal rods. 


0 002 the 


rods 
11200 ft, 


560 glaſs {+ 8.243 for 6* exreſs of heat of the braſs ſcale from 62 to 68: 
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the ditches, and height of the banks of the old Roman way, 
therefore treflels, ſuited for the purpoſe, had been now pre- 
pared: and leſt any accident might have happened in conduct. 
ing this part of the operation, ſo as to oblige us to a repetition, 
double pickets were placed in the uſual manner in the ground 
two rod lengths from the twenty-fixth ſtation, to which we 
could have referred, without going back as far as the tripod 
left at the twenty-ninth ſtation, the point from which we had 
departed in the morning. 

B:d weather prevented any progreſs being made on the 25th; 
and, on the 26th, all that could be done was to meaſure the 
twenty-ſecond and twenty-firſt hypothenuſes. 

On Friday the 27th, the work went on more expeditioufly, 
having in the courſe of that day meaſured fix hypothenuſes, 
and placed the tripod at the fourteenth ſtation. 

On Saturday the 28th, eight hypothenuſes were meaſured, 
and the tripod was placed at the ſixth ſtation. In this day's 
operation, being arrived near the bridge laid over Wolſey River, 
double pickets were placed in the ground in the point anſwer- 
ing to the extremity of the 1172d rod, reckoning from the 
north-weſt, or the 198th rod from the ſouth-eaſt end of the 
baſe, that we might recur to them in caſe of accident ; and 
the eighteen rod lengths, between this point and the fixth 
ſtation, were meaſured on the level, inſtead of the hypothe- 
nuſal line, which required the alteration of the reduction as 
diſtinguiſhed by the aſteriſk in the general table. 

On Monday the 3oth of Auguſt, the meaſurement with the 
glaſs rods was completed“; when the extremity of the 1 370th 

rod 


The gentlemen who were preſent at, and aſſiſting in, the laſt day's operation 
were Captain Bisszr, Mr. GREYILLE, Sir WILLIAM HAniLToON, Mr, LLO vn, 
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rod over-ſhot the center of the pipe terminating the baſe 
towards the ſouth-eaſt by 17.875 inches, or 1.49 foot. Hence, 
when the ſeveral equations for expanſions are reſpectively taken 
into the account, we find, that the alteration of the deal rods 
from the humidity of the air, which, by compariſon with the 
ſtandard, was apparently moſt conſiderable in the firſt and 
ſecond ſections of the baſe, has now wholly vaniſhed ; that is 
to ſay, the total amount of it has been over-rated by. 20.964 


inches“; and this is the contradictory circumſtance that has 
been formerly alluded to. 


I have already ſuggeſted what appear to me to. have "0 
the only three poſſible cauſes of this difference, found between. 
the eſtimated and real expanſion of the deal rods; and as we 
are to abandon that meaſurement entirely, it is of little or no 
importance now to endeavour to. diſcover, were it poſſible, 
whence it may have ariſen. If any error was actually com- 


and Dr. Us ER, Profeſſar of Aſtronomy in the College of Dublin. This laſt 
gentleman was ſo obliging as to obſerye, with the moſt ſcrupulous attention, 
throughout the whole operation with the glaſs rods, that the coincidence of the 
ſecond with the firſt remained undiſturbed, while that of the third with the ſecond- 
was completing, 


In. 


+ 3-389 for 1 of the bras ſcale from 62 to 6359. 
+ 24.223 eſtimated expanſion from humidity. 


— 


+ 25. 612 b of the 1370 deal rods. 


rods 


* 1370 deal 
27400 ft. 


1370 glaſs. 
rods = 
27400 ft, 


+ 5.989 obſerved expanſion of glafs ].from columns 11th 
2 1.802 obſerved contraction of ditto and 12th. 


{ 20. 336 for 69 of the braſs ſcale from 629 to 6809. 
— 17.875 ſpace by which the 1 370th rod over-ſhot the pipe. 


+ 6. 648 equation of the 1370 glaſs rods. 


20.964. over-rated in the total expanſion of the deal rods. 
3 mitred, 
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mitted, which is the leaſt of all probable, it could only hays 
happened at the place of the tripod, by bringing a wrong 
point of the ſtem over it when the operation was reſumed. 
But it is well known, how much care and pains were taken to 
prevent any thing of that fort. Indeed the hypothenuſal dif 
rances, as given by the chain, agreed fo nearly among them- 
ſelves, that even a foot or ten inches would have made fo re- 
markable a difference in the ſituation of the next picket as 
could not have paſſed unobſerved. Beſides, in returning with 
the glaſs rods, after paſting the Staines Road, the meaſure- 
ment was gradually found (without any leap whatever) to 
over-ſhoot the pickets, and at laſt over- reached the fouth-eaft 
pipe by 17.875 inches. I am therefore inclined to believe, 
that the difference ariſes partly from what may have been loſt 
by conſtantly butting one rod againſt the other, whereby the 
end of the 1 350th did not reach ſo near to the north-weſt pipe 
as it ought to, and would have done, if the rods had been 
applied to each other by coincident lines. It muſt, however, 
be confeſſed, that the near agreement between the glaſs and 
deal rods in the upper part of the heath ſeems not perfectly 
reconcileable to this ſuppoſition. Nevertheleſs, the deſcent 
being quickeſt, and the irregularities of the ſurface much 
more conſiderable in the lower than the upper part, might 
produce ſome effect in one which did not take place in the 
other. But the chief part of the difference I take to have pro- 
ceeded from over-rated expanſion; that is to ſay, the rods, 
when brought into ufe, contracted ſooner than we imagined, 
and thereby gave a ſhorter meaſure than what was aſſignable 
to them from the mean of any two or more compariſons, 


The 
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The laſt day of Auguſt was employed in diſcharging the 


party, and removing the various parts of the 8— to 
Spring- Grove Houſe. 


« 


Deſcription of the Microſcopic Pyrometer, made uſe of for deter- 
mining by experiment the expanſion of the metals concerned in 
the meaſurement of the Baſe. Tab. XX. = 


Having, in the preceding part of this Paper, given a very-mi- 
nute account of the actual operations in the field, that the 
Public, being thus informed of every circumſtance, might be 
the better enabled to judge of the accuracy of the reſult, it 
remains yet to point out, in what manner the equations for 
the expanſions of the ftandard ſcale, ſteel chain, and glaſs rods, 

applied to the apparent meaſurement of the baſe, in ſeveral of 
the preceding notes, have been obtained by means of experi- 
ments with the pyrometer. 

It is ſufficiently well known, that many years ago, a very 
ingenious and valuable Member of this Society did publiſh in 
the Philoſophical Tranſactions (vol. XLVIII. 1754, No 79.) 

an account of experiments made with a pyrometer of his in- 
vention. No doubt was entertained of the accuracy of the 
experiments here alluded to; on the contrary, they will be 
confirmed by the account now to be given of theſe recently 
made, with which they very nearly agree. But as different 
pieces of metal of the ſame kind are certainly ſuſceptible of 
different degrees of expanſion, it was judged beſt, on the pre- 
lent occaſion, to put rods to the teſt of thoſe very metals that 
had been made uſe of in the actual meaſurement of the baſe. 
| 7 For, 
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For, ſuppoſing both fets of experiments to have been made with 
Inſtruments equally perfect, and to have been in other reſpectz 
equally well conducted, this mult always be conſidered as the 
moſt unexceptionable method. Beſides, the expanfign of rods 


of the length of five feet being aſcertained, the unavoidable. 


error of obſervations of this delicate nature, becomes leſſened 
in proportion to the exceſs of their length above ſhorter rods. 
In theſe new experiments too, another ſort of pyrometer, in- 
vented by Mr. RaMsDdEN, has been applied, of ſuch accurate 
conſtruction that it ſeems not eaſy to improve it. 


The microſcopic pyrometer, fo named becauſe, by means 


of two microſcopes attached to it, the expanſion is meaſured, 
conſiſts of a ſtrong deal frame five feet in length, nearly 
twenty-eight inches broad, and about forty-two inches in 
height. The elevation of the eye-piece fide, or that which 
preſents itſelf to the obſerver, and alſo of the micrometer end, 
or that which is towards his right-hand, as well as the general 
plan of the top, are repreſented by a ſcale of one inch to a 
foot, or one-twelfth part of the real dimenſions, in tab. XX, 
where likewiſe may be ſeen the angular view of the fixed end, 
together with plans, ſections, and elevations, of ſeveral of the 
principal parts, done to larger ſcales. From theſe, it is hoped, 
the conſtruction of the machine will be eaſily underſtood, 
without entering into a minute deſcription of the almoſt num- 
berleſs ſmaller parts whereof it is compoſed. 

On the top of the frame, two deal troughs, upwards of five 
feet in length, are firmly ſcrewed. That towards the obſerver 
overhangs the frame ſomething more than an inch : that on 
the farther ſide is even with the back part. Each of theſe 
troughs, which are about three inches ſquare in the inſide, 

contains a caſt-iron ſtandard priſm, whoſe ſides are 13 inch. 
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The manner in which the priſms are faſtened to the bottoms of 
their reſpective troughs, and the nature of the apparatuſes they 
carry on their extremities, will be readily conceived, by refer- 
ring to the particular plans and elevations of them, compre- 
hended in the group of eight ſmall figures towards the right- 
hand of the general plan. Four of theſe appertain to the left- 
hand or fixed microſcope; and the other four to the right-hand 
or micrometer microſcope, ſo diſtinguiſhed becauſe it has a 
micrometer attached to it. By means of the braſs collars 
which embrace the priſms, their left-hand or fixed ends are 


ſcrewed down extremely faſt to the braſs pieces whereon they 


reſt, ſo as to be perfectly immoveable there with regard to 
their troughs; whereas their right-hand ends are kept eaſy, 
yet without ſhake, in their collars, that they may contra& or 
lengthen freely as the temperature may require, without occa- 
foning any ſtrain upon the parts. The priſm in the neareſt 
trough may be called the eye-piece priſm, becauſe it carries the 
eye-pieces of the microſcopes ; and that in the farther trough, 


the mark priſm, becauſe it carries the marks or croſs wires at 


which the microſcopes reſpectively point. The troughs are 

covered with pitch in the inſide, to make them hold water; 

and each has a cock in the left-hand end for diſcharging it. 
Between the two deal troughs, one of copper, as a boiler, 


is placed, ſomewhat ſhorter than the former, but ſtill upwards 


of five feet in length. It is about 24 inches broad, and 31 in 
depth. The center of the boiler, or rather the center of the 
object lens which ſtands in it, as we ſhall have occaſion ſoon to 
point out, is diſtant from the croſs wires of the mark 5.81 
inches; and from the wires of the micrometer attached to the 


correſponding eye-piece 20.33 inches. The boiler reſts on five. 
ſmall rollers, one being fixed to each end of the frame, and 
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the other three to the braces which run acroſs it. This cope 
per trough has likewiſe a cock in the left-hand end; and in 
the general plan a caſt iron priſm is repreſented in it; but this 
laſt carries no apparatus, as thoſe in the wooden troughs do, 
deing exactly of the length of five feet, and only placed there 
as one of the rods whoſe expanſion was tried, and to ſhew that 
the machine was capable of receiving a rod of that weight 
and magnitude. N 

By referring to the general plan it will be ſeen, that twelve 
lamps are made uſe of to bring the water in the copper to boil. 
They ſtand on four ſhelves, three in each compartment formed 
by the croſs braces of the frame. They can readily be puſhed 
forwards or drawn backwards, and when actually in uſe, their 
handles are only ſeen, projecting from under the copper. It 
was found, by burning oil in the lamps, the heat of the water 
could not be raiſed above 2097 or 210?; but with ſpirits of 
wine it was brought into violent ebullition. The plan of the 
frame likewiſe ſhews, that the tubes of the microſcopes are 
fub-divided into feveral diſtinct parts; and that one of theſe 
parts 1s attached by a collar to a mahogany priſm, which reaches 
from one end to the other. But the uſe of theſe contrivances 
it will be beſt to defer ſpeaking of, till after having deſcribed 
the apparatuſes that are placed within the copper boiler. 

At the bottom of the plate the boiler is repreſented, both in 
plan and longitudinal ſection, to a ſcale of one- fourth part of 
its real dimenſions. It contains within it two braſs flides, the 
one long and the other ſhort ; which, from the braces that 
bind the cheeks together, very much reſemble the form of a 
ladder. The long flide, whoſe cheeks are 13 inch deep, 


reaches almoſt the whole length of the copper, although every 


where unconnected with it except at the points A and B. At 
1 the 
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the firſt of theſe, two ſtrong pieces of braſs, fixed to the cheeks, 
and notched underneath, embrace the ends of a braſs cylin- 
drical bar faſtened to the bottom. At the laſt, the cheeks of 
the ſlide reſt on a roller. Whence it follows, that the copper and 
fide remain immoveable with regard to each other at A; but 
from thence, towards either end, they have full liberty to 
change place; that 1s to ſay, to expand by heat, or contract by 
cold, in any proportion their different natures may require. 
The left-hand end of the ſlide is ſhut up by a ſtrong perpen- 
dicular piece of braſs, connected with the two fide rings which 
ſupport the object lens of the fixed microſcope, whoſe center 
correſponds accurately with its inward face. This piece being 
firmly ſcrewed to the cheeks of the flide, and counter-arched 
outwardly, forms a ſtrong butt for the fixed end of the ex- 
panding rod (ſuppoſed here to be the ſteel bar) to act againſt. 
Within the right-hand end of the long ſlide, reſts a ſhort one 
of about 144 inches in length, whoſe cheeks are 14 inch deep. 
Its outward end, at C, reſts on the cylindrical furface of the laſt 


| brace of the long ſlide, fitted purpoſely to receive it; while a 


narrow longitudinal bar fixed in its inward end, at DE in the 
ſection, moves freely in the notch of a bridge F, framed for it 
in the long ſlide. The outward end of this ſhort flide 1s ſhut 
up in a ſimilar manner with the oppoſite end of the long one. 

This end-piece is atſo connected with the two fide rings 


which ſupport the tube containing the object lens of the mi- 
crometer microſcope, whoſe center is perpendicularly over its 
inward face, and being fortified outwardly by an edge bar, it 
forms a butt for the expanding end of the rod that is in experi- 
ment to puth againſt. By attending to the plate it will be 


perceived, that to this end of the boiler a braſs tube (R) 1s 


bxed, which contains within it a brafs rod, ſurrounded by a 


Pppz helical 
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helical ſteel ſpring; which acting upon a broad ſhoulder of the 
rod prepared for the purpoſe, thereby prefles its inward end, 
which enters the boiler, againſt the perpendicular ſurface gf 
the end- piece of the ſhort ſlide. Thus, the farther end of the 
rod in experiment, ſuppoſed now to be in its contracted ſtate, 
is conſtantly made to bear againſt the ſurface that is under the 
fixed microſcope. But on the application of heat, the irre- 
Gſtible force of expanſion in the rod obliges the ſpring to give 
way; the ſhort ſlide changes its place, and with it the object 
lens of the micrometer microſcope moves on a {pace propor- 
tionable to the degree of heat that is applied; and it is this 
diſtance, meaſured by means of the micrometer, as hereafter 
will be ſhewn, that determines the quantity of expanſion, or 
the ſpace by which the rod has lengthened. From the plate 
it will be further obſerved, that the rod in experiment reſts on 
the ſurfaces of three rollers, about an inch in diameter ; and 
by means of three pair of mulled-neaded nuts 11 inch in da- 
meter, which move on axes that are formed into ſcrews, until 
they almoſt touch the ſides of the rod, this is kept in its true 
centrical poſition, whatever may be its form or lateral 
dimenſions. 

The microſcope towards the left-hand has been denominated 
fixed, becauſe it correſponds with the firſt or fixed end of the 
rod in experiment, and never changes its place while theſe are 
of the length of five feet. But it appearing to be of conſe- 
quence, that the expanſion of the ſtandard braſs ſcale, which 
is not quite forty-three inches long, ſhould be determined, the 
pyrometer has therefore been adapted for the reception of any 
rods leſs than five feet, whereby it is made more univerſally uſeful. 
For this purpoſe it becomes neceflary to move the marks and 


eye-pieces of the fixed microſcope, along their reſpective priſms, 
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tothe proper poſition for the rod that 1s to be tried. N evertheleſs 
the object lens remains in its original place; and in its ſtead 
another lens, of the ſame focal diſtance, is fixed on a ſimilar 
end- piece, that can be firmly clamped to any correſponding 
place whatever of the cheeks of the long ſhde. Hence will 
appear the reaſon for breaking the ſcreening tubes of the mi- 
croſcopes into ſeveral parts, and the uſe of the mahogany priſm, 


along which the thick part of the tube moves from one end to 


the other. 


The pyrometer, ſince it was firſt made and tried, has under- 
gone ſeveral ſmall alterations, by way of improvements, which 
it is now unneceſſary to deſcribe particularly. One of theſe 
was the application of croſs levels to the parts of the tube (SS 
in the general plan) connected with the object glaſſes. The 
manner in which they are fixed on wilrappear from the re- 
preſentations of them in the lowermoſt left-hand angle of the 
plate. And the ſection at the right-hand angle fhews the ap- 
pearance of the double braſs hook, univerfal joint, and milled- 


headed nut, applied acroſs the middle of the boiler (at TU) 


whereby the levels are brought to be conſtſtent, when the water 


is boiling, with the volition they had been adjuſted to when 


the temperature was at freezing; that is to ſay, they are kept 
parallel to themſelves in both ſtates. This was thought neceſ- 


fary, becauſe the application of the boiling water ſunk the 
middle of the ſlide a ſmall matter, and thereby made the levels. 


run outwards. 


The micrometer ſo often mentioned, being a very effential 


part of the machine, is repreſented both in elevation and hori- 
zontal ſection to the full ſize. Its chief parts confiſt of a mi- 
crometer ſteel ſcrew, which works in the ſquare nut of a braſs 
ſlide, while che Plane part of it enters into a long braſs ſocket, 


nicely 


{| 
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nicely ground to receive it, and thereby preventing all ſhake, 
To the ſquare nut, one end of a watch chain is attached; the 
other end having paſſed around is fixed to a barrel, which con- 
tains a watch ſpring coiled up in the uſual manner. By this 
contrivance, any loſs of time in the motion of the moveable 
wire, fixed to the ſquare ſlide, is effectually prevented, whe- 
ther the ſcrew be turned backwards or forwards. The fixed 
wire, fo called becauſe it is only made uſe of occafionally, ap- 
pears in the elevation to the left-hand of the former, and is 
farther removed from the obſerver, being attached to the oval 
flide which bounds the field of the micrometer. This wire 
is moved by the inſertion of a milled-headed key (although not 
repreſented in the plate) fitted to ſlip upon the ſquare end of 
its proper ſcrew, which may be ſeen, in the elevation, projecting 
above the micrometer head. It has but little motion, being 
only intended for the meaſurement of ſmall differences of ex- 
panſion, or any ſmall ſpace, by leaving it there, while the 
other wire is repeatedly brought to coincide with, and again 
depart from it. For particular purpoſes this wire may be uſe- 
ful; nevertheleſs, the inftrument would have performed very 
well without it. 

The conſtruction of the microſcopes will be readily un- 
derſtood, by referring to the figures under that head on 
the right-hand fide of the plate; where the relative fitua- 
tions of the different eye-glaſſes, with regard to the wires 
or place of the magnified image, as well as to the eye, are 
truly repreſented in their real dimenſions; but the diſtances 
from theſe to the object lenſes and marks reſpectively, are con- 
trated or broken off, from want of ſufficient room to delineate 
them otherwiſe. To increaſe the angle of viſion in microſcopes, 
it is always neceſſary that they ſhould have at leaſt two eye- 


glaſſes, and the fixed microſcope in the plate ſhews them in 
their 
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their uſual poſition, the image from the object lens there being 
formed between the two, that the diſperſion of rays in the firſt 
may be corrected by that of the ſecond. But although this con- 
ſtruction ſerves perfectly well every purpoſe of the fixed micro- 
ſcope, yet it could not anſwer in the moveable one, to which the 
micrometer is attached, where equal parts of an image, or their 
motion, are to be meaſured by the equable motion of the ob- 
ject lens, as ſhewn by the micrometer : for ur that caſe, the: 
interpoſition of an eye-glaſs before the image was formed, 
would not only have diminiſhed its fize, and thereby rendered 
the meaſure leſs accurate; but likewiſe, by refracting the 
oblique pencils more than thoſe nearer the center, it would 
have deſtroyed the equality of the fcale, and made equal parts 
of the object itſelf to have been repreſented unequally in the 
magnified image, and conſequently erroneouſly meaſured by 
unequal parts of the micrometer. It was to remedy a defect 
of this ſort that Mr. RamsDEN propoſed his new ſyſtem of 
eye-glafſes, deſcribed in the Philoſophical Tranſactions, vol. 
LXXIIL 1783, N* 5. And he has here applied that ſyſtem 
in the conſtruction of the micrometer microſcope ;. where it 
will be perceived, that both glaſſes ſtand between the eye and 
the image, whereby the greater magnitude of this laſt is ob- 
viouſly preſerved, as well as the juſt ſimilarity of all its parts 
to thoſe of the object itſelf. 

With regard to the ſcale of the pyrometer, it is, in the firſt 
place, to be obſerved, that the head of the micrometer ſcrew, 
which is nine-tenths of an inch in diameter, is divided into 
fifty equal parts, each of which being reckoned two, it is 

therefore numbered to roo. Fifty-five revolutions of the 

head, being equal to o. 77175 of an inch, as meaſured with 


great accuracy by Mr. RAMsDEN's ſtraight-line engine, it 
tollows, 
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follows, that there are 71.27 threads of the ſcrew in an inch; 


that ſeven revolutions and nearly ,*,?.th parts move the wire of 
the micrometer one-tenth of an inch; and that th part of 
a revolution, or half a diviſion, anſwers to a motion of ſome- 
thing more than 0.00014 of an inch. 

Having thus obtained the number of revolutions and parts of 
the micrometer (7-13) correſponding to one-tenth of an inch at 
the wires, it is ſufficiently obvious, that the number anſwering 
to one-tenth LM at the mark being likewiſe obtained, and 
added to the former, their fam will give the meaſure of one- 
tenth at the object lens, or the ſpace by which the expanding 
rod has lengthened, as ſhewn by the motion of the lens from 
o to p. This meaſure of one-tenth of an inch at the mark 
was aſcertained in two different ways, and the reſults exactly 
agreed with each other. In the firit place, a very thin ivory 
ſlide, whereon ſeveral twentieths of an inch were nicely divided 
by exceeding fine lines, was prepared, and made to move in the 
mark where the braſs flide now exiſts. A candle being then 
placed behind it at night, -while the pyrometer ſtood within 
doors, and the micrometer wire being repeatedly moved by the 
{icrew, its coincidence with the lines was diſtinctly ſeen through 
the ivory; whereby two of the ſpaces were found to be mea- 
ſured by 24.93 revolutions of the head. The ſecond method 
was, by means of two exceeding fine wires placed parallel to 
each other on the braſs ſlide, where they now remain, at the 
diſtance of one-twentieth of an inch on each fide of the inter- 
ſection wires, as may be ſeen by obſerving the real mark, or 
rather its magnified image, as ſhewn in the oval field of the 
micrometer, in the central figure of conſtruction. The revo- 
lutions of the micrometer anſwering to the diſtance between 


theſe parallel wires was, as before, found to be 24.93; which 
being 
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being added to 7. 13, we have 32.06 for the number of revolu- 
tions meaſuring a motion of one-tenth at the object lens, or 
the expanſion of one-tenth. In this manner Mr. RAMs x ob- 
tains the ſcale of his pyrometer in the eaſieſt and moſt ſimple 
way imaginable, without any neceſſity for knowing the abſo- 
lute diſtances of the object lens from the wires of the mark ou 
one hand, and thoſe of the micrometer on the other; diſtances 


not eaſily aſcertained by actual meaſurement, on account of 


the poſition of that glaſs in its cell, which cannot conveniently 
be come at. 'Thus, in tab. XX. as well as in the annexed 
figure, LM being the object at the diſtance of 
the mark, equal to one-tenth of an inch; L. 
then m/ will be its magnified image, in pro- 
portion to the former as mo is to oM. And, 
if through the point p, the place to which 0 
the object lens o has been carried by the mo- 
tion of the expanding rod, a line Me be drawn 
parallel to L, we ſhall have 1 24.93 107 
7.13=mq= 32.06, the number of revolutions 
of the micrometer meaſuring oþ the expanſion. 
Having thus obtained the total number of 
revolutions correſponding to 229; and having 
likewiſe meaſured the total diſtance M 
26.144 inches, a ſpace eaſily aſcertained be- 
tween the wires of the micrometer and thoſe 
of the mark, the partial diſtances mo and M may then 
be readily found by computation : for mg: u:: mM : mo= 
20.33 inches; and mg :mM :: op: MS 5. 814 inches. 

In order to finiſh the deſcription of the pyrometer, it is 
only neceſſary to obſerve farther, that the circular ſcale, 
ſeen in the elevation of the micrometer, whoſe zero ap- 
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pears to coincide with the dart on the plane part of the braſz 
is that which ſerves by its motion to regiſter the turns of the 
head. A forked key, fitted to enter the holes near the circum. 
ference of the circle, is made uſe of for the adjuſtment of this 
zero. The circle ſhould never be turned backwards or toward; 
the left, leſt the watch chain ſhould thereby be thrown off the 
barrel, but always ferwards or towards. the right, even if it 
ſhould. be neceflary to move it almoſt an entire revolution. The 
zero of the head is that which ſhould be firſt brought to cor. 
reſpond with its proper dart. They may be ſeen to coincide 
in the horizontal ſection of the micrometer ; and the departure 
of zero from this dart, indicates, by the number of diviſions 
that are intercepted, the value of any fractional part of x 
revolution. - 


Account of the experiments with the Pyrometer.. 


Although the inſtrument which I have here endeavoured to 
deſcribe was begun early in the winter of 1784, yet it was not 
finiſhed till the beginning of laſt April ; at which time it was 
brought to Argyll-Street, and being placed truly level on the 
ſtone pavement of the yard, was covered with an oil-cloth 
canopy, that the experiments might not be interrupted by 
rainy weather. 

To fill the three troughs completely it required from twenty: 
five to thirty pounds of poanded ice, which was always put in with 
great care, ſo as to apply as compactly as poſſible to the ſtau- 
dard priſms and rod reſpectively, with but little common water 


* When common water was uſed, although not in any very conſiderable pro- 
portion, the thermometer kept always half, and ſometimes three quarters of 3 


degree above 329. 
, a 
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at firſt added; it having been found in theſe experiments, that 
ce water only, ſuch as drains from the ice itſelf, is that which 
hould properly be made uſe of to mix with the pounded ice, 
in order to bring the whole maſs to the true freezing tempera- 
ture. Being at the commencement uncertain what time might 
be neceflary for the rods, eſpecially when of ſo large a ſize as 
the ſtandard priſms, to acquire the juſt temperature of freezing, 
it firſt the ice was put into the troughs over night, to prepare 
for the continuation of the experiment next morning, But 
after many repeated trials, this precaution was found to be 
needleſs ; a quarter of an hour being more than ſufficient to 
gire to all the freezing temperature, as well as to render the 
lens on the expanding rod ſtationary, after the water ſupplying 
the place of the ice had been brought fairly to boil. 

The inſtrument, in its firſt ſtate, having in ſome caſes made 
the expanſion appear to be progreſſive, and not equable ; there- 
fore its rate was attempted to be aſcertained by noting the pro- 
greſſion anſwering to 60*, 120*, and 180* above freezing. But 
when the inſtrument was rendered perfe&, and that no ſenſible 
difference was found between the expanſion at the lower and 
that at the upper part of the ſcale, a fair mean being taken be- 


tween its aſcending and deſcending rates, and allowing for the 
difficulty of keeping the water, for any length of time, pre- 


eiſely to the ſame intermediate heat; then this tedious mode of 
conducting the experiments was given up, and the expanſion 


do throughout each experiment, care being taken to have a 


lupply of pounded ice always ready to keep theſe two troughs 


quite full. 


Qqqz 


tor 180® was at once determined by bringing the water to boil 
around that rod, which but a little before had been lying in 
melting ice, and which the ſtandard priſms ſtill continued to 
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Two obſervers are neceſſary for the effectual application of the 


pyrometer. He who obſerves with. the fixed microſcope, takes. 


care that its object lens is kept in its true place, that is to ſay, 
that the wire in the eye- piece accurately biſects the interſection 
wires of the mark. This he is enabled to do by means of the 
apparatus attached to the fixed end of the boiler, as will be beſt 
conceived by obſerving the plan (at WX) along. with the ele. 
vation of that end placed near it. The apparatus conſiſts of 
two milled-headed ſcrews, working.in braſs plates faſtened to 
the end of the frame, and acting againſt a ſmall cock which 
projects from the lower part of the boiler,. whereby this laſt 
receives ſuch longitudinal motion to and fro on its rollers, 2 
is ſufficient for the adjuſtment of the lens: He who «bſerves 
with the micrometer microſcope,. having brought the zero of 
the micrometer head to its dart, as ſhewn in the horizontal 
ſection, and alſo the revolution zero to its dart, as repreſented 
in the elevation, takes care, when the rod has acquired the 
freezing temperature, that the micrometer wire biſects the in- 
terſection wires of its proper mark. This he effects by work- 
ing with the milled-headed ſcrew, repreſented in the plan and 
elevation of that mark, whereby the mark itſelf is moved 
until the biſection is accurate; and during the whole of this 
time, the firſt obſerver ruſt be n attentive to keep lis 
lens adjuſted. 
One aſſiſtant at leaſt is neceſſary, ao takes his dati on 
the oppoſite ſide of the pyrometer, to obſerve the levels, and 
keep them adjuſted, by means of the double hook applied near 
the middle of the boiler, and repreſented in tlie ſection on the 
line TU, at the lowermoſt right - hand angle of the plate. 
The pyrometer having been adjuſted in the manner here de- 


 1cribed, by giving ſufficient time for the ſtandard pon 2 
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rod to contract to the true freezing temperature,. as was eaſily 
known by the wires becoming perfectly fixed and ſtationary 
with regard to the marks; the ice was then removed from the 
copper trough; and the ſame being filled with water nearly on 
the boil, the ebullition was completed, and kept up, by means 
of the lamps now. lighted. for. the purpoſe, and ſlipped in 
underneath. 

The expanſion,. anſwering to-the 180? between: freezing and: 
boiling, was now meaſured by working with the micrometer 
fcrew until the biſection * of its wire with thoſe of the mark 
was again complete; the obſerver at the fixed microſcope taking 
alſo eſpecial care all the while to keep his biſection perfectly 
accurate. The number of revolutions, regiſtered by the num- 
ber of entire diviſions that the zero of the circular fcale had 
departed from its dart or index, and alſo the value of any frac-- 
tional revolution, regiſtered by the diviſions on the head in- 
tercepted between zero and its proper dart, were then noted, as 
expreſſed in the firſt column of the ſubjoined table of experi- 
ments; which requires no other explanation than what is 
therein inſerted, and which has been extended purpoſely to 
ſhew at one view, from inſpection only, how much the length: 
of our baſe would have been affected, if meaſured by theſe: 
metals-reſpeQively, in temperatures between 32 and 629. 

All the experiments were repeated at leaſt twice, and ſome 
of them three times, except the ſtandard ſcale and glaſs pen 


= 


* This biſection of the wires may always be made to a great degree of preci- 
Ron, by one with a tolerably good eye, and accuſtomed to obſervations of this ſort. 
I. have. myſelf repeatedly adjuſted the wares eight or ten times running, allowing 
another perſon to read off and unadjuſt each time, without the mean difference 
exceeding one-fourth of a diviſion of the head, which is only 372ooth part of an 
5 n | 8 
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dulum rod, whoſe expanſions were otrly tried once. The dif. 
terence of a few diviſions between the mean and extremes on 
the heat of 180 being, in things of this ſort, of no importance, 
it was judged wholly unneceflary to aim at a greater degree of 
preciſion in repeating them oftener. By referring to the table, 
particularly that column containing the expanſions on one foot 
by 180%, it will be perceived, that they are uniformly a ſmall 
matter leſs than what has been aſſigned to the ſame metals 
reſpectively, in the experiments formerly alluded to. 


Ultimate determination of the length of the Baſe en Hounſlow- 
Heath. 


In the former part of this paper, we have had occaſion 
to ſpeak of the ſeven firſt columns of the general table 
of the baſe; and the titles at the tops of the others re- 
ſpectively ſerve ſufficiently to explain thoſe towards the right- 
hand; the expanſion of glaſs above, and its contraction below 
62, contained in the eleventh and twelfth columns, being 


deduced from the recent experiments with the pyrometer. 
| | Feet. 


The hypothenuſal length of the baſe, as mea- 
ſured by 1369.925521 glaſs rods of twenty feet 
each + 4.31 feet, being the diſtance between the 
laſt rod and the center of the north-weſt pipe, has 
been ſhewn to be - - - 27402.8204 

The reduction contained in the ſeventh column 

of the general table to be deducted is ' 0 0.0714 


Hence the apparent length of the baſe, reduced 
to the level of the ſouth-eaſt extremity, becomes 27402. 7490 


The 
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| Feet. 
The apparent length is to be augmented by the 


exceſs of the expanſion above the contraction of 
the glaſs rods, contained in the thirteenth. column 
of the general table = 4.1867 inches, reduced to 
the heat of 62?, as has been. uſually done in former 
operations of this nature . . . o. 3489 
The apparent length 1s farther to be augmented. 
by the equation for 6* difference of temperature of 
the ſtandard. braſs ſcale between 62 and 68*, this 
Iaſt being the heat in which the lengths of the 
glaſs rods were laid off = 20.3352 inches, as de- 
duced from the experiments with the pyrometer 


1. 6946 


Hence we have the correct length of the baſe in- 
the temperature of 62 reduced to the level of the 
lowermoſt extremity. near Hampton Poor-houſe, 27404.7925 

This laſt length. requires yet a ſmall reduction 
for the height of this lowermoſt end. above the- 
mean level of the ſea, ſuppoſed. to be fifty · four 


feet, or nine fathoms,, . FR = 0.0706- 
Hence the true or ultimate length of the baſe, 

reduced to the level of the ſea, and making a por- 

tion of the mean. circumference of the earth, 

becomes * — 5 . 27404. 7219 


As ſome ſmall degree of uncertainty remains with regard to 
this laſt reduction, it may not be improper to ſay yet a few 
words on the principles that have been adhered to in making 
the computation. It will be remembered, that the meaſure- 
ment was made 31 feet above the ſurface of the heath, that 
being the height of the ſtands whereon the rods were placed ;; 
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and that the teleſcopic ſpirit level gave a deſcent of 36.1 feet 
from the lowermoſt pipe to the ſurface of ſummer water in the 
Thames at Hampton. The accurate ſection of the river lately 
publiſhed, gives a fall of 13.33 feet from Hampton to the level 
of low water ſpring tides at Ifleworth. Now theſe three being 
added together, we have nearly fifty-three feet for the height 
of the baſe above Ifleworth. Having had no immediate means 
of determining what real difference there may be between Iſle- 
worth and low water ſpring tides at the mouth of the Thames 
(for inſtance at the Hope or the Nore), J have ſuppoſed that 
fall to be about ſeven feet, ſo as to make the total deſcent ſixty 
feet. Now, ſuppoſing the ſpring tides at the Nore to riſe eigh- 
teen feet, if, according to M. pz La LanDE's method, we de- 
duct one-thirdof eighteen, vzz. ſix feet from ſixty, we ſhall have 
fifry-four feet, or nine fathoms, that the mean ſurface of the ſea is 
below the meaſured baſe. Whether this concluſion be perfectly 
accurate or not is of no moment, ſince a whole fathom of 
difference (and I apprehend we are not farther from the truth) 
does not vary the reduction quite one-tenth of an inch. The 
reduced baſe has therefore been found by the following ana- 
logy : as the mean ſemi-diameter of the earth (ſuppoſed here 
to be 3492915 fathoms) augmented by nine fathoms, is to the 
mean ſemi-diameter, ſo is the meaſured baſe 27404-7925 to the 
reduced baſe 27404-7219 at the level of the ſea. It will 
doubtleſs be allowed, that infinite pains have been taken in the 
field and otherwiſe, throughout the whole of this operation, to 
obtain a juſt concluſion ; but as the moſt accurate meaſurement 
imaginable is ſtill more liable to err in exceſs than in defect, we 
will throw away ſome uſeleſs decimals, and eſtabliſh the ulti- 
mate length of the baſe at 27404 feet and ſeven · tenths. 
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Seneral Table of the Baſe, ſhewing the relative heights of the Stations above the ſouth-eaſt extremity near Famptoul 
Poor-houſe, the Reduction of the Hypothenuſes, and the Correction for the Temperature of the Glaſs Rods; 
whence the true length is obtained in the heat of 629. 
1 1 3 4 5 | 3 7 | EI 9 ö | I2 | 13 | 14 | 
8 24 Relative heights. ; | 1 Temperature, Correction for temperature. a 
. 7 — — — Reduction of rods — — — C 1 n * 
Sections. E 2 8 | Total aſcent. |of the hypo- enty Obſerved | Exceſs |Expanſkon | Contract. 422 b „ 
| Ss © 2|[Aſcent. Deſcent. — — ſthenuſes. foot I | mean of | or defe& above 62® |below 62® |Difference.| ©? © — 
| * 8 Hypoth. Sections. | o therm.|from 629. [+ appr. leng.ſ— appr. leng. 
e e Oe OY . e e & 7 1 * N | — — — — 
| =: Il Feet. | Feet. | Feet. | Feet. | Feet. Feet. } 1 „ |[lnches. Inches. Inches. Feet. 
| — . 
| 8 * 10.07 =| 0.07 | 0.000012 | 3 1 714 + 9.4 |+0.2909 | 
| 2 2 2 1.355 = = | 1.925 | 0.002875 30 80 7 +18.7 |+0.5801 | 
| - & | 3 |= = | 1.855| 0.07 0.002875 30 | 80.6 +18.6 |+0.5770 1 | 
I. fo . || 4 | 2-745| = —.] 2-815 | 0.006288 | 309 | 740 | +12.0 |+0.3722 | 
| © 52 s | 2.92 |= =| 5.735 0 007114 |} 59 | 626 + 0.6 |+0,0186| 
8 8& &$ | 0.76 |- - | 6.495 | 0.000489 PP | $7 |= 33 o. 1024 
8 8 7 17 1.578.065 *. 00825 30 60.5 — 1.8 —0.0465 | 
2 f 8 2.91 |- = | 10.975 | 0.007065 30 | 63.3 | + 1.3 [+0.0403 | 
8 4 2 9 4E 0 0.68 10.295 0.000393 30 | 64.1 + 2,1 + 0.0651 | 
285 io O. 65 = = | 10.945 0.000360 | 30 66.6 | + 4.6 |+0.1427\ | | 
= 8. - 11 — — | 0.04 | 10.905 0.000009 | 30 70.4 + 8.4 |+0.2606| | 
2 8 8 4 „„en 0.00116 30 69 9 + 7.9 [T. 2451 | 
| — # I 13 | 0.83 | = = | 10-555 10.555 0.000581 | 30 | 62.7 + 0.7 |+0.0217 | 
| | 
32 8 14 — - | 0.94 9.615 | 0.000745 30 60.7 — 1.3 — 0.0403 
P55 is | 0.42 | =— | 10.035 | | 0.000191 30 03.2 + 1.2 |+0.0372 | 
2 2 x6 | 1.63 8.405 | 0.002222 | 30 69.0 + 7.0 |+0.2171 | 
8 2 2 17 | 0.28 | - — | 8.685 | 0.000073 } 30 71.1 + 9.1 + 0.2823} | 
2 3 | ©. | 68.6 6.6 2047 
283 18 | 410 12.845 | mpdes. A ES P + 0.2047 | 
ml 8 | 19 —| 0.44 12.405 | 0.000169 30 | 63.5 + 1.5 [+0.0465 | 
= 22 20 | 0.19 — 12.595 o. 000036 30592 | — 2.8 | —0.086g 
2 8 = 21 | 1.87 | - — | 14405 | | 0.002922 30 56.2 |} — $5.8 —0. 1799 
E 8 5 22 1673 [i, | 0-000452 } 30 | $7.9 | — 50 —©.1551 
8 5 - 23 0.39 | — — | 15 535 | 0.000135 | 30 64.1 | + 2.1 + 0.0651 | 
2.124 [095 |= - 16.535 | | 0.000760 30 64.3 + 2.3 [70.0713 
5 55725 | 0.49 — 17.25 | o-000208 | 3o | 62.5 | + o.5 70.0155 
BESS j| 26 | 2.11 |= 19.135 8.58 t 3 71.1 + 9.1 T0. 2823 | | 
$3 1-9 1-107] 18.425 | *0,000214 30 70.5 | + 8.5 1 | 
8 2 28 | 0-245} — = 18.07 | 0.000057 30 | 03-3 | + 1.3 |+0.0403 | | 
— 29 1.21 — — 19.88 | | 0.001228 30 59.2 — 2.8 - 0.0869 | | 
28 30 |= 0.165 19.715 | } 0.000028 30 | 66.2 | + 4.2 0. 130g j 
watt >: 1.0 - | 36 0.000024 | 30 73-8 +11.8 [T. 3060 | 
ww HH =? 2 | 
8 „ 32 — [0.12 | 19.735 | 9. 000019 30 |} 77-6 | +15.6 0.4839 | 
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85 | 34 1.21 | — — | 20.805 0.001228 } 30 68.8 + 6.8 [To. 2109 | 
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3 þ| 37 |=" = | 1.085| 2346s | | 0.000985 | 5 | 6.5 | 5 —0.0155 
| 2 8 38 0.17 = = | 23-935 | 90.000192 30 59.4 — 2.6 | -- 0.0807 
| > 3 > | 40 1.295341 —— 25.725 | O. 001341 | 20 | 55˙1 —— 6.9 | —0.2140| | 
25 - 41 1.18 | — — | 26.905 0.001168 30 50.1 — $5.9 —0.1830 
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853 || 45 | 0-24 | = = | 30-005 0.000055 | 30 ] 60.8 — 1.2 —0. 0372 
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ES J\qooft,| | | | 
| 1369+ | 3 
| 149-44 9-175] 35.905 31-205 0.071401 1 | : | + 5-9890 — 1.8023 741867 | 
Hypothenuſal length of the baſe containing 1309.92 5521 glaſs rods of twenty feet each ＋ 4. 31 feet, - ” =| 27402.8204 
| Reduction contained in the ſeventh column to be ſubtracted, - - = = > 4 * 0.0714 -— a 
| — 
| Total 290: rent length of the baſe reduced to the level of the ſouth-eaſt extremity, - — = 4 27402. 7490 
Add to ti: apatent length the difference between the expanſion of glaſs above, and the contraction of it below 62Dj 8 
containzdd in the thirtæenth column g 4.1867 inches = - BY 6 _ * 7 ; 4 0.5439 0 
Add further to the ah, arent length the equation for 6* difference of temperature of the ſtandard braſs ſcale between 62 and 1 
68, the beat in which the glaſs rods were laid off = 20.3352 inches, = . - — - - { + 3.6946 NA ky 
Correct lengch of the baſe in the temperature of 62, reduced to the level of the lowermoſt extremity, - — =] 27404-79026 —— 
| Reduction tor the height of the lower end of the baſe above the mean level of the ſea, ſuppoſed to be 54 feet or 9 fathoms = — 0.0700 uh 
True length of the baſe reduced to the mean level of the ſea, - Fo by b 3 | —— 
— — — — — — — 4  —— „ 1 | 5 
; | 0 
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Elevation of the _— End of the Boiler. 
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XXV. Abſtract of a Regiſter of the Barometer, Thermometer, and 

Rain, at Lyndon, in Rutland, 1784. By Thomas Barker, 
Alſo of the Rain at South Lambeth, Surrey; and at 
Selbourn and Fyfield, Hampſhire. Communicated by Thomas 
White, EJ. F. R. S. 


Read Java 16, 1785. 


— 


— — 


Barometer. Thermometer. | 
ITY 6 5 , In the Houle. Abroad. 8. 
. | Lyndon 
Itligheſt Loweft.] Mean. [High./Low. |MeanſHigh.[Low.|Mear 
3 Inches. inches. © : y ” ” 1...” 3 Inch. 
Morn. | 404 28 | 333] 40 | 15}] 27 
i * 29.96 | 2,49 | 29234] 424! 29 34 484] 244] 324] 7 
orn | 7 Ss 47 | 30 | 39] 45 | 929 
N 59,00 | 28,50 | 29923 474] 3% 37 | 524] 23 1 
orn „1472 30 392] 45 | 21 | 32 
= 1 29.63 28,59 79s 484 39. 49] 52 332 785 ous 
Morn. | O41 2521 4321 51 J 2 2 | 
Pr. Aftern.] 2974 0 29,26 ON - 7 50% 5 48 741 
Ma lorn. 2 220. 1 2 6 662 47 572 63 | 41 | = 2 Q O 
ee A a FEES DET . bow 
une aftern. 1 * er 932 504 592 * 53 Cad at 
orn. I 173 
aly After. 2985] 28.74] 29-48] 72 | 5, | 63 | 751 $74] 67 88 
Orn. 1 . 6 I 60! 24 2 
ug. Aftern.] 29,92] 29,04 29,50 8 5 4 714 3 65 25814 
orn. | _ | 60% 53 | 61 | 57 | 39 | 52 | 
e 7 | a 8 15740 
ere e | 2955] 214) 54 | 631 554) 514] 64 | 742 
rn. » | 215 5 5 2 A 
OA, Attern.] 39-00 28,98 | 29,02 3 Fr 2 7 4 49 0,223 
orn. : of 51 | 395] 45 | 513] 233 39 
* rm. 29,85 28,75 29,38 51 73 451 53 334 44 2,370 
Dec. Morn. A 432] 313] 36 41 | 235] 29 2, 
ce. attern. ] 2975 | 48,75 29920] 43 324] 3741 464] 19 | 324] 335 
3 Y 3 2 Inches 27.207 
Vol. LXXV. 814 


482 Ar. BarKeER's Regi/ter of 
The froſt, which began at Chriſtmas laſt year, continued, 


except a few thawing days, till February 21, and was very —  * 
ſevere, and with frequent ſnow. Some thought it the hardeſt 

winter fince 1740; but that may be hard to determine. Ja- f 
nuary 1776 ſeems to have been rather colder than this; but 

the froſt laſted only a month. In 1780 the froſt was not out l C 
of the ground for nine or ten weeks; but it was not fo fteady V 


as this. It was certainly one of the mildeſt winters before 
Chriſtmas, and one of the fevereſt after it ; yet the corn and 
other plants did not ſuffer ſo much as might be feared. After 
the froſt there was ſome warm, windy, thowery weather ; but 
molt part of March was froſty mornings, and was often fo in 
the thade all day; and at the latter end ſtrong cold winds, 
with ſnow and perfe& winter ; and it did not much .mend till 
near the middle of April. 

While 1 in January and February moſt __ of Europe had 
ſevere froſt, the ſouthern parts of it ſeem to have had great 
ſtorms and floods; and, at the breaking of the froſt, the flat 
countries by the fides of the great rivers of Europe ſuffered 
much by floods and ice. & 

The latter half of April the mt mended, and things 
came on gradually, yet with frequent froſty mornings till the 
firſt week in May; then, for three weeks, one of the fineſt 
and hotteſt Mays ever known; every thing before was exceed- 
ing backward, but now came on at a vaſt rate; the graſs and 
leaves were remarkably green, a great bloſſom year, and plenty 
of fruit. This hot weather brought up thunder, which turned 
the weather wet near the end of May, and it was wet or 
ſhowery and cool all June; this brought on the corn again, 
which was made rather thin by ſo much heat too early. Near 
the firſt two thirds of July was again fine and hot, and being 

in 


ms AA mnt wk. ON 


the Weather at Lyndon zu Rutland, &c. 433 


in the height of hay time, a good deal of it was well made; 
but ſome of the firſt cut, and the latter was caught in the wet; 
after the 19th it was ſhowery or wet, and the zoth and 
ziſt were, all over Leiceſterſhire, Rutland, and part of Lin- 
colnthire, the greateſt flood ſince July 1736; and it continued 
wet and cool all Auguſt, ſo that the ſummer was in general 
cold, wet, and backward, yet with ſome very fine fits in it. 
The harveſt began but indifferently ; but being late this year, 
and the weather wet, not much was carried before September, 
when, in about three weeks calm, hot, and dry weather, yet 
with vaſt dews, moſt of the white corn was well got in this 
country; but ſome of the peaſe, and, where it was earlier and 
later, ſome of the white corn was carried damp, for the end 
of September was again wet. 

The autumn was various; a dry and fine October, toward the 
end of it ſharp froſty mornings; a ſhowery November, with a 
ſharp froſt in the middle, yet often pleaſant ; and after Decem- 
ber 5th, a conſiderable ſnow (in ſome countries it was very 


great) and a ſeverer froſt than is uſual before Chriſtmas laſted 
till into January, 
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MADE TO THE 


ROYAL SOCIETY 


From Auguſt 1784 to June 1785; 


. A or 8 


The NAMES of tte DONORS. 


1784. 


Pr eſen ts. 


Aug. 12. Oeuvres de Charles Bonnet. Tom. VI. VII. 


VIII. Neufchatel. 1782, 1783. * 


— Eſſay II. on the Nature and Principles of 


Nov. 4. Deſcription geometrique de la France. Par 


— —ę—— 
—k — 


Public Credit. St. Auguſtine, Eaſt 
Florida. 1784. fol. 


M. Caſſini de Thury. Paris. 1783. 45 
Rapport des Commiſſaires charges par le 
Roi de l' examen du Magnetiſme Ani- 


mal. Paris. 1784. 4? 
Tableau methodique des Mineraux, Par 
M. Daubenton. Paris. 1784. 8* 


Lettre ſur les Experiences des Frictions 
glaciales pour la gueriſon de la Peſte. 


Par M. D. Samoilowitz. Paris, 1781. 


Yo 

Lettre a PAcademie de Dijon avec reponſe 
a ce qui a paru douteux dans le Me- 
moire ſur PInoculation de la Peſte. Par 


M. D. Samoilowitz, Paris. 1783. 9? 


Donors. 
* 


The Author. 


S. Gale, Eſq 


The Author, 


The Authors, 


The Author, | 


The Author, 


The Author. 


Preſents, 
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Preſents. Donors. 1734. 
1584. 
Nov. 4. Reponſe 2 NMI. Gormand, ſur la queſtionz The Author. Wor. 1 
Ales Cauteres, PoOnVeiit ene guehkgue pre» . 
« fera: ati, contre la Prfie pendant ſes . 
"* ravages.” Par M. D. Samoilowit zz 
12” 
—— Die beitimmung der Geſtalt und Grofſe der The Author, : Dec 
Erde: von F. W. Gerlach, Wien. 1732. 20 
85 
—— The original Aſtronomical Obſervations The Commiſſioners of Lon - * 
made in the courſe of a Vovage to the gitude. 


Northern Pacific Ogean, by Capt. James 
Cook, IL.ieut. James King, and Mr, 
William Bayly. London. 1782. 4 
—— Annals of Agriculture. By Arthur Youny, The Author. 
Eig. London. 1784. 8” 
——— A Treatiſe on the Diſeaſes of Children. The Author. 
By Michael Underwood, M. D. Lon- 
don. 1784. 125 
Nov. II. Dell' Architettura Dialogi: di Ermene- The Author. 0 
gildo Pini. Milano. 1770. 4 
—— Offervazioni mineralogiche ſu la Miniera di The Author, | 
Ferro dell' Ifola d'Elba: di E. Pini. J 
Milano. 1777. * * 
— Mcmoire ſur des nouvelles Criſtalliſations The Author. 
de Feldſpath. Par E. Pini. Milan. 1779. 
| 85 
— FHermenegildi Pini de Venarum metallica- The Author. 19 
rum excoctione Vol. I. et II. Mediolani. 4 2 ; 
| BJ . 1785 
1779. 1780. 4 85 
— Memoria mineralogica ſulla Montagna e ſui The Author, 
contorni di S. Gottardo: di E. Pini. 
Milano. 1783. g* 
— Deſcrizione di un Pantaylo: di E. Pini. The Author. 
Milano, 1783. gf 
| { Della maniera di offervare nei Monti la dif- \ Feb 
poſizione degli Strati: di E, Pini. 4 72 x 
— ) Dell' Elevazione dei principali Monti della 
Lombardia Auſtriaca : di E. Pini. 4 PRs Ruthats 
| Offervazioni mineralogiche ſulla Montagna Th. 
dis. Gottardo: di E. Pini. 4 
— - Mcmoires et Obſervations de Chimie, Par The Author. 
M. de Fourcroy. Paris. 1784. g* 
— Obſervations ſur la Cure de la Gonorrhee, The Tranſlator, 
Trad, de VAnglois de M. S. F. Simmons; 
3 Preſen®, 


* 


— 
— 
> 
o 


74 


W 
* 


, 


Preſents. 

1784. | 
par Gabriel Maſuyer. Montpellier, 
1783. 8? 
Nov. 11. Medical Communications, Vol. 1. London, 
1784. g? 


18. Obſcrvations on theclate Conteſts in the 
Royal Society, By Andrew Kippis, 

D. D. London. 1784. 3? 

* 9. An Eſſay on the Uſe of the Red Peruvian 
Bark. By Edward Rigby. London. 

1783. 8² 

— An Eflay on the uterine Hzmorrhage 
which precedes the Delivery of the full- 


grown Fœtus. By E. Rigby. Lond. 
1784. 

— An Aſtronomical MS, in the Perſic Lan- 
guage. 8 


16. Deſcription des Projets et de la Conſtruc- 
tion des Posts, &c. Par M. Terronet. 

Jom. I. II. Paris. 1782, 1783. fol. 

— Deſcription of a Method of taking the 
Difterences of Right Aſcenſion and De- 

clination with the Reticule Rhomboide 

of Dr. Bradley, 

— An Enquiry into the various Theories and 
Methods of Cure in Apoplexies and Pal- 

ſies. By B. Chandler, M. D. Canter- 

bury. 1785. g* 


23. A „ Journal kept at Fort 
William, Calcutta. Ms. fol. 

1785. 
Jan. 13. A Treatiſe on Time. By W. Watſon, jun. 
M. D. London. 1785. 8³ 
20. The London Medical Journal. Vol. V. 
London. 1785. 8* 
— An Eflay on Comets. By Andrew Oliver, 
| jun. Salem, New-England. 1772. 8? 
Feb. 3. Meteorological Journals kept at Nain, 


Okkak, and Hofcathal, in Labrador, 

5 MS, 4 
10. An Account of the Muſical Performances 
in Commemoration of Handel. By C. 

ä Burney, Muſ. D. London. 1785. 4 
17. Obſervations fur la Phyſique, far VHiſtoire 
naturelle, et fur les Arts, Par M. VAbbe 


— > 
* 


By H. E. Bath. 4 : 
'The Author, 


Donors. 


The Society for promoting 
Medical Knowledge, 
The Author . 


The Author, 


| 


The Author, 


Major Pierſon, 
The Author, 


Sir Henry C. Englefield, 
Bart, 


Major Pearce. 


The Author. 
8. F. Simmons, M. D. 


The Rev. Profeſſor Wil. 
liams. 


The Rev. Mr. La Trobe, 


The Author and the Muſi- 
cal Society. 


The Editors, 


* 


Preſents, 
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Pr eſents. 


1785. 


Tom. XXV. Paris. 1784. 4 

Feb. 24. An Inquiry how to prevent the Small- Pox, 

&c. By John Haygarth, M. B. Cheſ- 

ter. 1784. EH 

Mar. 10. Remarks on morbid Retentions of Urine. 

By C. Brandon Trye. Gloceſter. 

1774. 7 g* 

17. A Portrait of the EleQor Palatine Duke of 
Bavaria, | 

— Quatrième Lettre du Chev. Roſa ſur ſes 

Decouvertes Phyfiologiques (tranſlated 


from the Italian; MS. fol. 
— Commentarii de Rebus in Scientia naturali 


et Medicina geſlis. Vol. XXV. Lipſiz. 
1782. 82? 


— Connoiffance des Temps, pour PAnnee 


1787. Par M. Jeaurat. Paris. 1784. 5 


14 
— Memoire fur une Machine propre A creuſer 
et curer les Canaux, Rivieres ou Ports, 


Par les Freres F. et A. Eckhardt. 4 


=— HYuccin&t Account of the Advantages of 


Mills with inclined float board Wheels, 


By Mr. A. G. Eckhardt. 77 
April 7. The Theory and Practice of Aeroſtation, 
By Tiberius Cavallo, London. 178 85 


— Obſervations on the Uſe of Opium in re- 
moving ſymptoms ſuppoſed to be owing 


to morbid irritabllity, By Alexander 


Grant. London. 1785. "2 
Opuſcules de Pierre Richer de Belleval. 
Nouvelle Edition; par M. Brouflonet, 

'- Paris. 1906 © -- 2 
— Lettre ſur l'Antiméphitique. Par M. Janin 
de Combe-Blanche. Vienne. 1783. 8 

— Seconde, troiſième, Et quatri me Lettres à 
M. Cadet, Par M. ſanin de Combe- 

Blanche. Vienne. 1783, 1784. 8? 


— JT Homme noye dans une Fofle, a-t-il pert 


par le Mephitilme ? Lettre par M. Ja- 
nin de Combe- Blanche. g* 


6 


' Rozier, et par M. I. A. Mongez lejeune. 


Donors; 


The Author. 


The Author, 


His moſt ſerene Highneſs 


the Elector Palatine. 
The Marquis de Hautefort, 


Mr. Philip Hurlock. 


The Author, 


M. A. Eckhardt. 


The Author. 


The Author. 


The Author. 


The Editor. 


The Author. 


The Author. 
The Author. 


Preſents, 


May 
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Preſents 

1785. 

April 7. Preuves que l' Homme s'eſt noye dans la 
foſſe; et que le Mephitiſme n'a pas 
canſè ſa mort, Lettre par M. Janin de 
Combe-Blanche. 8 

— Nouvelles Experiences qui confirment celles 
qui ont ete annoncees dans PAntimephi- 
tique, Par M. Janin de Combe-Blanche. 

p | go 

=—— Reponſe au Diſcours de M. O-Rian ſur le 
Magnetiſme Animal. Par M, Janin de 
Combe-Blanche Geneve, 1784. 8* 

14. Relief from accidental Death. By Alexan- 
der Johanſon, M. D. London. 1785. 


125 
28. Three Regiſters of a Pocket Chronometer. 
By Count De Bruhl. 4 


— A Memoir on ſome Improvements in Book- 
binding, By M. Aniffon le fils (in 

French) MS, fol. 

May 5. An Eſſay on the Nature and Cure of the 
Phthiſis pulmonalis, ſecond edit. By 

Thomas Reid, M. D. London. 1785. 

8? 

— Reports of the Humane Society for the 
years 1783 and 1784. NY 

—— Account of a Machine conſtructed for the 
purpoſe of deepening and ſcouring Ca- 

nals, Rivers, and Ports, By the Bro- 

thers F. and A. Eckhardt. fol, 

a. Lattres LIE M. . . . fur 
Architecture. Par M. Viel de Saint- 

Maux. Bruxelles. 1779, 1780. Pa- 

ris. 1784. | 8? 

26. Diſſertatio Botanica de Sida. Aut. A. J. 
Cavanilles, Parifiis. 1785, — 

— - Obſervations de M. FAbbe Cavanilles fur 
FArticle Eſpagne de la Nouvelle Ency- 

clopedie. Paris. 1784. 8 

— Parallèle entre le Magnetiſme Animal, 
' Electricité, et les Bains medicinaux. 

Par M. LF**, Paris. 1785. o” 

— Memoire fur la Decompoſition de PAir at- 


moſpherique par le Plomb, Par M. 
Luzuriaga, Paris, 1784 a® 
Vol. LXXV. | Ttt 


Donors, 


The Author. 


The Author. 


The Author, 


The Anthor, 


The Author, 
The Author. 


The Author, 
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Mr. A. Eckhardt. 


The Author. 


The Author. 


The Author. 
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The Author. 


Preſents. 
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May 26, Eſſays of Reform on the Syſtem of the 


Finances of Great- Britain. By J. Van 


Der Hey. Vol. I. London. 1785. 4 

— Reports of the Commiſſioners appointed to 
examine, take, and ſtate the Public Ac- 

counts of the Kingdom. By John Lane. 

Vol. II. London. 1785. » 

June 2. Ionian Antiquities. London, 1769. fol. 


—— H. M. Marcard Beſchreibung von Pyrmont. 
I. Band Leipzig. 1784. g* 

9. Mathematical Tables. By Charles Hut- 
ton, LL.D. London. 1785. 8? 


— Jacobi Dickſon Faſciculus Plantarum cryp- 
togamicarum Britanniz. Londini. 1785. 

| 4* 

16. Reflexions on the Study of Nature: tran- 
ſlated from the Latin of Linnzus, Lon- 


don. 1785. 8* 


Donors. 
The Author, 


The Commiſſioners. 


Society of Dilettanti. 
The Author, 


The Author. 


The Author, 
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for 


AN 
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TO THE 


SEVENTY-FIFTH VOLUME 


OF THE 


PHILOSOPHICAL TRANSACTIONS. 


A, 


CTINIA. See Barbadver. | 
Air, Experiments on, by Henry Cavendiſh, Eſq. p. 372. The diminution of the 
air by the electric ſpark depends upon the converſion of phlogiſticated air into nitrous 
acid, ibid. Deſcription of the apparatus made uſe of (tab. XV.), ibid. Fig. 1, 2, 
and 3. explained, p. 373. Method of forcing the electric ſpark through the tube, 
p. 374. Experiments, when the electric ſpark was paſſed through common air, 
included between ſhort columns of a ſolution of litmus, ibid. When lime-water was 
uſed inſtead of the ſolution of litmus, ibid. With impure dephlogiſticated air, p. 
375. Obſervations on the reſults of thoſe experiments, ibid. When air was confined 
by ſoap-lees, 375—377- Experiments to determine what degree of purity the air ſhould 
be of, in order to be diminiſhed the moſt readily, and to the greateſt degree, p. 376. 
Precipitation of a ſolution of filver by phlogiſticated nitre, p. 377. General reaſoning 
upon all the expe iments, p. 378—380. Method of preparing the ſoap-lees, and 
dephlogiſticated air, uſed in theſe experiments, p. 380. Quantities of each uſed therein, 
p- 381. Experiment to determine whether all the phlogiſticated air of the atmoſphere 
is of the ſame nature, p. 381-382. See Phlogifiicatcd Air. Another cauſe of the 
T4 3 dimi- 
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diminution of air by the electrie ſpark, p. . No phlogiſton communicated 
by the electric ſpark, p. 384. 


Air and Mater, Experiments and obſervations relating to, by the rev. Joſeph Prieſtley, 


LL. D. p. 279. Opinions of Mr. Cavendiſh, Mr. Watt, and M. Lavoiſier, con- 
cerning decompoſed air, p. 280. The author's opinion of inflammable air, and 
fixed air, both which had been firſt advanced by Mr. Kirwan, ibid. Experiment to 
aſcertain whether any water is produced when the air is made to diſappear, p. 281. 
Other experiments of the ſame kind, p. 232. A peculiar circumſtance attending the 
melting of caſt iron with a burning lens, p. 283. Reſult of melting caſt iron in the 
bottom ot a deep glaſs receiver, p. 284. Mr. Watt's concluſion thereon, ibid. A 
new and unexpected appearance which occurred in endeavourirg to revive the calx of 
iron, or a Calx ſaturatecd with pure air, ibid. Experiments to determine whether 
kxed air or water would be the produce of combining inflammable and dephlogiſti- 
cated air, p. 285—287. Obſervation thereon, p. 287. Reſults of other experi- 
ments with the calx of copper, and precipitate, per /e, in inflammable air, p. 288. 
Reflection on the relation of water to inflammable air, and eſpecially Mr. Cavendiſh's 
ideas on the ſubject, ibid. The powerful attraction that charcoal or iron appear to 
have for water, when they are intenſely hot, p. 289. Experiment to aſcertain the 
influence of unperct ived moiſture in the production of inflammable air, ibid. M. 
Lavoiſier's method or obtaining inflammable air with an hot iron tube and an hot 
copper tube, p. 290. Reſult of experiments made with charcoal, p. 291—296. 
And of others made with iron, p. 297. Obſervations thereon, p. 298. See Bal- 
lzons. Experiment to aſcertain the quantity of inflammable air which may be 
obtained from any given quantity of iron, p. 298. The ſuppoſition that water conſiſts 
of two kinds of air endeavoured to be explained, p. 29g. Proceſs of that inveſtiga- 
tion, p. 300. Theory of that proceſs, p. 301. Analogy between the experiment 
of the calx of iron imbibing inflammable air, and the iron itſelf imbibing dephlo- 
giſticated air, p. 302. Experiments to prove that phlogiſton is a real ſubſtance capable 
of aſſuming the form of air by means of water and heat, p. 303. Caſt iron 
annealed remarkably different from that which has not undergone that operation, p. 
304. Experiment with precipitate per /e, ibid. Effects of heating iron in all the 


different kinds of air, p. 305, And of tranſmitting ſteam through a copper tube, 


to try the effects of ſpirit of wine, ibid. Charcoal of metals explained, p. 306. 
General inferences from the principal experiments, ibid. 


Algel, See Variable Star. Opinion of aſtronomers very unſettled concerning the change 


of its light, p. 134. 


And:rſon, Mr. James. See Morne Garou. 

Animal Floaber. See Barbadoes. 

Animals, preſerved in ſpirits, not ſo fit for anatomical examination, p. 340. 

Architecture, &c. Sketches and deſcriptions of three ſimple inftruments for drawing 
architecture and machinery in perſpective, by Mr, James Peacock, p. 366. Diree- 


7 tions 


(493 ] 
tions for placing the machines, &c, ibid. Deſcription of the drawing-board (fg. 1. 
tab. XIII.), ibid. Uſe of ditto, p. 367. How to draw all perpendicular lines at 
once, ibid, Deſcription of the compound-board (fig. 2. tab. XIV.), p. 368. Uſe 
| of ditto, ibid. The T ſquare, its uſefulneſs, p. 369. Deſcription of the vertical- 
board (fig. 3. tab. XIV.), p. 368. Uſe of ditto, p. 370. 

Artificial Sp ing, account of ove, by Eraſmus Darwin, M. D. p. 1. Old diſuſed well 
near the doctor's houſe in Derbyſhire deſcribed, p. 2. St. Alkmund's well, its 
fituation, ibid. A new fpring diſcovered, ibid. Method of preventing the 
mixture of the old water with the new, p. 3. And of trying the height of the 
new ſpring, ibid. New water nearly of the ſame properties with St. Alkmund's 
well, p. 4. See Mountains, Increaſe in quantity and quality, ibid. And why, 

p- 6. g | 

VJ Falida, deſcription of a plant yielding it, in a letter from John Hope, M. D. p. 
36. General deſcription, ibid—38, The aſa ſœtida plant not ſatisfactorily known 

till Kzmpter deſcribed it, p. 36. Letter from Dr. Pallas to Dr. Guthrie, with two 
of the plants, ibid. One of which planted in the Botanic Garden at Edinburgh, p. 
39. The juice ſeems to be of the {ame nature with the officinal aſa fœtida, ibid. 

Aſtronomical Obſervations, in two letters from M. Francis de Zach, Protefſor of Mathe- 

* watics, and Member of the Royal Academies at Marſeilles, Dijon, and Lyons, p. 
137. Account of his obſervations of an eclipſe of the moon, made with Father le 
Fevre, Aſtronomer at Lyons, in the Obſervatory called az grand College, ibid. State 
of the ſky at the time of making the obſervation, ibid. Short telefcopc<s preferable 
to long ones in obſerving eclipſes of the moon, p. 138. In eclipſes of the moon no 

greater exactneſs than that of a minute can be obtained, ibid. Agreement between 
the Imperial Aſtronomer, Abbe Hell's obſervations of the moon's ſpots made at 
Vienna, with thoſe made by M. Meſſier at Paris, ibid. Correſpondent altitudes of 
the ſun taken with a quadrant of three-foot radius, in order to adjuſt the pendulum- 
clock to apparent time, p. 139. Obſervations of ihe mocn's eclipſe the 18th of 

March, 1783, p. 142. Father le Fevre's obſervations with a reflector fifty - five inches 

' focal length, p. 143- Obſervations of Jupiter's ſatellites at Marſeilles, by M. Saint 
Jacques de Sylvabella, p. 144. Obſervation of the tranſit of Mercury, Nov. 12, 
1782, at Marſeilles, by the ſame, p. 151. and by M, Wallot, at the Royal Obſcrva 
tory at Paris, ibid. Important remark upon the diameter of Mercury, p. 152. 

Averrbea Carambola, an account of the ſenſitive quality, in a letter from Robert Bruce, 
M. D. p. 356. Is a ſpecies of ſenfitive plant, ibid. Is differently affected by being 
touched in different manners, p. 356, 357. Method of confining the motion to a 
ſingle leaf, p. 357. Effect of impreſſing it by puncture, percuſſion, or compreſſion, 

ibid. Ditto on ſticking a pin into the univerſal petiolus, p. 358. On making a 


compreſſion with a pair of pincers on ditto, ibid. Os the leaves being blown agaiuſt 
each other, or the branches, ibid. Appearance of the leaves when ſhaded from any 
diſturbing cauſe in the day-time, p. 359. The leaves naturally perform a mor? 

extenſive 
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extenſive motion when going to ſleep than by external impreſſions in the day-time, 
ibid. Effects produced on a leaf by the burning lens, ibid. And the electrical 
ock, p. 360. Two other ſpecies of this genus mentioned by Linnzus, ibid. 


Zal bons, the cheapeſt method of filling them with the lighteſt inflammable air, p. 297. 
Barbadoes, effects of the dreadful hurricane there in 1780, p. 334+ The aCtinia, or a 
ſpecies of animal flower, then found in conſiderable numbers on that coaſt, p. 335. 

Barker, rev. Robert, B. D. See Stag' Head and Horns. 

Thomas, Eſq. See Barometer, &c. 

Barometer, Thermometer, and Rain, Abſtract of a Regiſter of, at Lyndon, in Rutland, in 
1784. By Thomas Barker, Eſq. Alſo of the Rain at South Lambeth, Surrey; and 
at Selbourn and Fyfield, Hampſhire, p. 48. | 

Baſe, account of the Meaſurement of a baſe on Hounſlow- Heath, by Major-general 

William Roy, p. 385. Introduction, ibid. —390, The author's acknowledgements of the 

aſſiſtance of ſeveral ſcientific gentlemen, p. 339. 391. 417. 425. Particulaily of the 

worthy Preſident of the Royal Society, p. 425. 458. Choice of the baſe, tab. XVI. 

p- 390. Firſt tracing of the baſe, and clearing of the ground, tab. XVI. p. 391. Sol- 

diers preferred to country labourers, and why, ibid. A detachment encamped near 

Hanworth Summer-houſe, ibid. Clearing of the firſt ſection of the baſe, p. 392. 

Tracing of the ſecond and third ſections, p. 393. Halt the ſoldiers quartered in the 

neighbouring villages to clear the third ſection, while the remainder ſmoothed the 

ſecond, ibid. Inſtruments made uſe of in the firſt and ſecond meaſurements, p. 394. 

Steel chain, tab, XVII. ibid. Conſtruction of the chain, ibid. Alteration of the 

chain, p. 395- Deal rods, tab. XVIII. p. 397. Different opinions concerning the 

beſt method of applying rods in meaſurement, p. 398. Meaſuring rods and ſtandard rod 
deſcribed, p. 399. Braſs ſtandard ſcale, and method of laying off the lengths of the deal 
rods, p. 401. Major-General Roy's ſcale compared with the Society's ſtandard, p. 402. 
Manner of aſcertaining the length of the deal rods with it, p. 403—405. Cheſts for 
holding the deal rods and ſtandards, p. 405. Stands for the meaſuring rods, tab. 
XVIII. and XIX. p. 406. Method of drawing a line through the air, parallel to the 
common ſui face from ſtation to ſtation, in equal diſtances of 200 yards or 600 feet, 
as in the figure at the top of :ab. XVIII. p. 407. Nature of the moveable ſtands 
(towards the right-hand in tab. XVIII. and XIX.) explained, p. 408. Plans of the 
two tables (towards the right-hand in tab. XVIII.) explained, ibid. Plan of one of 
the ſquare tables (towards the leti-hand of tab. XVIII.) with the ends upon the ſecond 
and third rods upon it in contact explained, p. 409. Mr. Smeaton's deal platforms, 
ſtanding on pickeis driven into the ground, and properly levelled (tab. XIX.) 
deſcribed, p. 419. Boning teleſcope and rods, tab. XVIII. p- 411. Method of 
wacing the live of 200 yards, &c. from one fixed hand to the other, ibid. Boning 
teleſcope 


L 495 ] 
teleſcope deſcribes, ibid, Boning rods, and their uſe, deſcribed, p. 412. Cup and 
tnpod for preſerving the point upon the ground, where the meaſurement was diſcon- 
tinued at night, and reſumed next morning, p. 4i2. Difference between meaſuring 
with a rod of twenty feet, and with rods of twenty feet three inches, p. 412. Braſs 
cup uſed on theſe occafions deſcribed, p. 413. 415. Nature of the tripod (tab. 
XVIII.) explained, p. 413. Method of ſuſpending the plummet from any part of 
the deal rods indifferently, p. 414. Wheels for terminating, in a permanent manner, 
the extremities of the baſe, tab. XVIII. ibid. Mr. Mylne's improved machines for 
certainly referring to the ſame point on any occaſion of correcting or repeating the 
work (repreſented in tab. XVIII.), p. 415. Rough meaſurement of the baſe with 
the chain, and determination of the relative heights of the ftations by means of the 
releſcopic ſpirit level (tab. XVI. and XVII.), p- 416. The firſt meaſurement of the 
ſourh-eaſt ſection of the baſe completed in three hours and a half, p. 4r7, 418. 
The fame ſection re-meaſured, wich the probable cauſe of the variation, p. 418. 
The operation with the chain ſuſpended, and why, p. 419. Deſcription of a hold- 
faſt for the rear-end of the chain, invented by Col. Pringle (repreſented by two ele- 
vations adjoining in tab. XVII.), ibid. The operations reſumed by meaſuring twice 
with the chain forwards and back again the ſecond ſection of the baſe, ibid. The 
level of the firſt and ſecond ſection of the baſe taken, with an account of the ſpirit- 
level made uſe of, p. 420. The firſt general table relating to the levels of the 
baſe explained, ibid. p. 421. Col. Calderwood's method of computing the difference 
between the hypothenuſal diſtances of 600 feet each, and the reduced baſe diſtances, 
p- 420. Tracing of the baſe with the tranfit inſtrument, p. 421, 422. Conſequence of 
delaying the uſe of that inſtrument, p. 422. Levels of the third ſection taken, and 
the rovgh meaſurement thereof with the chain completed, p. 422, 423. Reſult of the 
examination of the length of the chain in different temperatures, p. 423. Deſcent 
from the lower end of the baſe to the ſurface of the Thames at Hampton, p. 424. 
Meaſurement of the baſe with the deal rods, p. 425. Method of performing that 
operation, p. 426. Difference of meaſuring by coincidences and contacts accounted 
for, p. 427. The two firſt hypothenuſes re-meaſured, with the reſult, p. 428. 
Their Majeſties prevented by the weather from ſeeing the nature of the operations, 
p. 429. Method of diſcovering the error of the chain at each ſtation, p. 429. In- 
conveniences occurring from the humid and dry ftate of the atmoſphere, &c. p. 430. 
See Expanſibility, Different compariſons of the rods with the ſtandard, and the 
reſult, p. 432, 433. Near agreement between the reſult by the deal rods, and that 
furniſhed by the rough meaſurement with the chain, accounted for, p. 433. Mea- 
ſurement with the deal rods finiſhed, ibid. Expanſion of the deal rods, p. 
434—436. See Riga Red-wood, Deal Rods, Mr. Ramſden's obſervations of 
the different expanſions, p. 435. Operations on Hounſlow-Heath totally ſuſ- 
pended, p. 438. Compariſon made in the beginning of September at Spring 


Grove, when the rods were in their dry gr contracted Cate, and the remeaſure- 
| ment 
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ment of the ſame ſpace the next morning, when, being left out on purpoſe, they 
bad contracted all the humidity they could, p. 439, 440. Deſcription of the 
glaſs rods, ultimately uſed to determine the length of the baſe, tab. XIX. p. 441— 
440. The caſe containing the tube deſcribed, p. 441. Manner in which the middle 
Gi the tube is made fait to the middle of the caſe, p. 442. Fixed and moveable ends 
of the tuce ceſcribed, p. 443 · Fixed and moveable apparatus deſcribed, p. 444—447. 
Mahogany lid on the top of the caſe deſcribed, p. 447, Method of aſcertaining the 
length of the glaſs rods, p. 448. Diſpoſition of the ſtands for the double meaſurement 
with the chain and glaſs rods; deſcription of the apparatus then applied to the ends of the 
chain; and ultimate continuation of the meaſurement with the glaſs rods alone, tab. 
XVII. and XIX. p. 449. Reaſons for rejecting the deal rods, ibid. Commencement 
of the operation for the double meaſurement, p. 450. 453. Apparatus attached to the 
fir{t end of the chain, p. 45:. Ditto for the lait end (to the right-hand fide of tab. 
XVII.), p. 452. Compariſon of the contraction of ſteel and glaſs, with the error of the 

chain in defect, p. 454- Farther experiments with the chain given up, and why, p.455. 
His Majeſty honours the operation with his preſence, p. 456. Equation of the deal rods 
and of the glaſs rods, on 3100 feet, ibid. Ditference over-rated in the expanſion of the 
560 deal rods, p. 4 57. Meaſurement with the glaſs rods completed, p. 458. Equa- 
non of the 1370 deal rods and of the 1370 glaſs rods, with the difference over- rated in 
the total expanſion of the deal rods, p. 459. Conjecture concerning the cauſe of the 
eſtimated and real expanſion of the deal rods, ibid. p. 460. Deſcription of the mi- 
croſcopic pyrometer, uſed for determining by experiment the expanſion of the metals 
concerned in the meaſurement of the baſe, tab. XX. p. 461—472. The microſcopic 
pyrometer (tab. XX.) deſcribed, p. 462—472. Uſe and deſcription of the fixed 
microſcope, p. 466. Ditto of the micrometer, p. 467. Uſe of two eye glaſſes in 
microſcopes, p, 468. Scale of the pyrometer explained, p. 469. Account of the 
experiments with the pyrometer, p. 472—476. Ultimate determination of the baſe 
on Hounſlow-Heath, p. 476—475. General table of the baſe, ſhewing the relative 
heights of the flations above the ſouth-eait extremity near Hampton Poor-houſe, the 
reduction of the hypothenuſes, and the correction for the temperature of the glaſs 
rods, whereby the true length is obtained in the heat of 62 degrees, p. 479. Table 
of the expanſion of metals, deduced from experiments made with the microſcopic 
pyrometer in 1785, p- 480. 

Blaub, Mr. See Specific Gravities. 

Bouguer. See Specific Gravities. 

Brecdon, Leice(terſhire, obſervations on the lime-mountain there, p. 4. 

Brook, Mr. See Vacuum. 

Bruce, Robert, M. D. See Averrboa Carambola. 

Burning Mountains, See Morne Garou, Caribbee Mandi. 


C. Calderzvood, 
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C. 


Calderwood, Col. See Baſe. 

Caribbee Mandi, reaſons for ſuppoſing a communication between the burning mountains 
in them and the volcanos on the high mountains in America, p. 30. Shocks of 
earthquakes frequent near them, ibid, 

Caverdiſh, Henry, Eſq. See Air. 

Combuſtion, Obſervations and Experiments on the Liglit of Bodies in a State of, by the 
Rev. Mr. Morgan, p. 190. Data to be attended to, ibid. Conclufion drawu from 
them, ibid. Manner in which the rays of light eſcape, when decompoſed by heat, 
p- 191. Obſervations on the flame of a candle, p. 192. The beſt mode of ſhewing the 
eſcape of ſome rays by that degree of her which will not ſeparate others till increaſed, 
p- 193. Mr. Melvill's mode of examining bodies whilſt on fire, ibid. Beſides the 
increaſe or decreaſe of heat, there are other modes of retarding or accelerating the 
combuſtion of bodies, p. 194. Singularities in the colours of different flames ac- 
counted for, p. 195- Singular phznomenon attending a burning body explained, 

p. 196. Imperfection in Sir Iſaac Newton's definition of flame, p. 197. Experi- 

ments on electric light, p. 198—206. General deductions uſeful in procuring any 

degree of certainty in any hypotheſis, p. 198. Obſervations on phoſphoric light, p. 

208. Mr. Wilſon's theory of the flow combuſtion of ſhells, ihid. Objections to 

that theory, p. 209—211, Poſtſcript by Dr. Price, p. 211. | 

Conftruftion of the Heavens, on the, by William Herſchel, Eſq. p. 213. Two oppoſite 

extremes to be avoided, if we hope to make any progreſs in an inveſtigation of this 

delicate nature, ibid. Theoretical view of the univerſe, p. 214. Formation of 

nebulz, ibid. Objections conſidered, p. 216. Optical appearances conſidered, p. 

217—219. Reſult of obſervations, p. 219. The theoretical view of the univerſe, 

p- 214. Shewn to be perfectly conſiſtent with facts, p. 220. I. Table of ſtar-gages, 

p. 221—240. Problem, the ſtars being ſuppoſed to be nearly ſcattered, and their 

number, in a field of view of a known angular diameter being given, to determine 

the length of the viſual ray, p. 241. The ſame otherwiſe, p. 243- We inhabit the 
planet of a ſtar belonging to a compound nebula of the third form, p. 244. Difference 
between a crowd and a cluſter of ſtars, p. 246. Uſe of the gages, p. 250. Table 

II. p. 252. Section of our ſidereal ſyſtem, p. 253. The origin of nebulous ſtrata, 

p. 254. An opening in the heavens deſcribed, p. 256. Phænomena at the poles of 

our nebula, p. 257- Enumeration of very compound nebulz or milky ways, p. 258. 

Some very remarkable nebulz pointed out, ibid. Several extended nebulz deſcribed, 

p- 260—262, A n. nebula or ring of ſtars, p. 263. Planetary nebulæ, p. 


26 3 3—266. 
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D. 


D'. Alembert. See Rotatory Motion. 

Darwin, Dr. Eraſmus. See Art: ificial Spring. 

Deal Reds, table of the expanſion of, with obſervations, p. 437. Are improper for 
very accurate meaſurement, p. 438. 

De la Lande, See Wires. 

De Luc, Mr. See Specific Gravities. 

Double Stars. Catalogue of, by William Herſchel, Eſq. p. 40. Method of pointing 
out thoſe ſtars in this collection which are not in Mr. Flamſtead's Catalogue, p. 41, 
and of applying it, ibid. Precaution to be obſerved where other ſtars are very near 
thoſe to be pointed out, p. 42. The chſerver ſhould be furniſhed with Flamſtead's 
Cceleitial Atlas, which muſt have the ſtars marked from the author's Catalogue, p. 43. 
Precaution in relation to examining the cloſeſt of the double ſtars, ibid. All the 
obſervations in this Catalogue are ſuppoſed to be made with a power of 460, unleſs 

marked otherwiſe, p. 45+ Method of taking the meaſures of the diſtances, ibid. 

See Micrometer. Catalogue of double ſtars, p. 47. Firſt claſs, ibid.-p. 65, Second 

claſs, p. 66—78. Third claſs, p. 78—90. Fourth claſs, p. 91—10;, Fifth claſs, 

p- 105—118. Sixth claſs, p. 118—126, Additional errata to the Catalogue of 

Double Stars in vol. LXXII. p. 126. See Variable Star. 


E. 


agli. tone. See Router, 

Earthquakes. See Caribbee I/lands. 

L£chpſes. See Aſtronomical Obſervations, 

Equatorial Micrometer, Mr. Smeaton's recommended, p. 348. 
| Euler, M. Leonhard. See Rotatory Motion. 

— M. John Albert. See Ditto. 


Zapanſibiligy, obſervation on that of glaſs, with Mr. Cumming's pyrometer, p. 432. 
See Dea. Nadls. 


Ferguſon. See Friction. 

Fixed Air and Water appear to conſiſt of the ſame ingredients, p. 296. See Air. 

Forayce, George, M. D. See Weight. h 

Friction, on the Motion of Bodies affected by, by the Rev. Samuel Vince, A. M. & 
Cambridge, p. 165, This branch of natural philoſophy, nothwithſtanding its im- 

portance 
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portance to the practical mechanic, has been, of all others, the moſt neglected, ibid. 
Muſſchenbroeck's, Helſham's, and Ferguſon's opinions of the law by which the 
motions of bodies are retarded by friction, p. 166. Euler's theory not true, ibid. 
Experiments to determine different properties of friction, ibid. p. 167. The friction 
of hard bodies in motion is a uniformly retarding force, p. 169. Experiments to deter- 1 
mine whether friction, cæteris paribus, varies in proportion to the weight or preſſure, 
p- 170—172. Obſervations thereon, ibid. Experiments proving that the friction = 
of a body does net continue the fame when it has different ſurfaces applied to the plane 
on which it moves, but that the ſmalleſt ſurface will have the leaſt friction, p. 170— 
175. Reſult of the author's examination into the nature of the experiments whick 
have been made by others, p. 176. Theory eſtabliſhed upon the principles already - 
deduced, p. 178. Prop. I. to find the time of deſcent and the number of revolutions 4 
of a cylinder, or that circular ſection of a body on which it rolls down an inclined 85 
plane in conſequence of its friction, ibid. Cor. 1. p. 179. Cor. 2. ibid. Cor. 3. 
ibid. Cor. 4. p. 180. Cor. 5. ibid. Prop. II. the body being projected on an hori- 
zontal plane, with a given velocity, to determine the ſpace through which the body 
will move before it ſtops, or before its motion becomes uniform, p. 181. Caſe, 
ibid. Caſe II. p. 182. Caſe III. p. 184. Definition of the centre of friction, p. 
186. Prop. III. to find the centre of friction, ibid. Prop. IV. given the velocity 
with which a body begins to revolve about the centre of its baſe, to determine the 
number of revolutions which the body will make before all its motion be deſtroyed, 
p- 187. Prop. V. to find the nature of a curve deſcribed by any point of a body 
affected by friction, when it deſcends down any declined plane, p. 188. 
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Goegricte, John, Eſq. See Variable Star. | 
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H. | 
Hales, Dr. miſtake of his, p. 271. 
p- 364. 
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Hell, Abbé. See Afrrononical Obfarvations. 

He l/ham. See Fridlion. ITS 

Herſchel, William, Eſq. See Double Stars, Conſtruction of the Heavens, 
Home, Mr. Everard. See Marine Animal. 

Hope, John, M. D. See Aja Feiida. 

Hunter, John, Eſq. See Marine Auimal. 


| 
Heat, diminiſhes the attractions of cohefion, chemiſtry, magnetiſm, and elearicity, | | 
| 
| 
| 
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1. 
Inſoip, in Lancaſhire, manner of digging for water there, p. 6, 


E. 


Kirwan, Richard, Eſq, See Specific Gravities. 


L. 


| Landen, Mr. John. See Rotatory Motion. 

Larkell river, has not the property of incruſtation, p. 3 54- 
Lavoifer, M. See Air and Water. 

Leach, has no anus, p. 341. 

Le Feore. See Aſtronomical Obſervations, 

Lightfeat, Rev. John. See Motucilla. 


M. 


Machinery in Perſpectiue. See Arcbilacture. 

Marine Animal, Deſcription of a new one, in a Letter from Mr. Eyerard Home, Surs 
geon, to John Hunter, Eſq.; with a Poſtſcript by Mr. Hun er, containing anatomi- 
cal Remarks upon the ſame, p. 333. Reaſons for believing this animal to be a non- 
deicript, ibid. Where and when found, p. 334. See Barbadoes. By whom firſt 
obſerved, p. 335- Deſcription of, ibid.—3 39, Poſtſcrip, by John Hunter, Eſq. 
p. 349—343- See Animals. Anatomical divifion of the animal, p. 34e. Its 
ſtomach and inteſtine deſcribed, p. 341. Differs materially from moſt animals with 


tentacula, ibid. See Leach, Polypi, Univakue Fiſh, Manner of voiding its ex- 


crements, p. 342. Enquiry into the manner of increaſing. its ſhell, ibid. Where 
moft probable to be found, p. 343. 2 of the figures, tab, XI. fig. 1. p- 
344. Fig. 2. ibid. 

NMelvill, Mr. See Combuſtion. 

M-:ffier, M. See Aftronomical Obſervations. 

Meteors, are probably owing to an accumulation of electricity, p. 298. 

Micrometer, improvement in Meſſ. Nairne and Blunt's, p. 46. See Baſe 

Micreſcape. See Baſe. 

Morgan, Rev. Mr. See Combuſtion. 

Mr. William. See Vacuum. 

Morne Garou, a Mountain in the Iſland of St. Vincent, Account of, with a Deſcription: 

of the Volcano on its ſummit, in a Letter from Mr. James Anderſon, Surieon, p- 


16. Difficulties in exploring the interior parts of the mountain, ibid. Which has 
s _alſe- 
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alſo been mentioned to have had volcanic eruptions from it, ibid, Of which, on | 
examination, ſeveral indications appeared, p- 17. The author's friendly reception | 
at Mr. Maloune's (where he lay) about a mile from the mountain, ibid. Arrives at 
the bottom of the mountain, attended by two negroes of My, Maloune's.and a boy, 
p. 18. After climbing a rock, forty feet high, they come to ſome. clear ground, 
belonging to a Mr. Gaſco, ibid. Who receives them kindly, p. 19. See Ve Indies. 
Return to Mr Gaſco's, being unable to get forward, p. 20. Deſcription and fituation 
of his hut, ibid. Difficul-ics Mr. Anderſon cocountered in his ſecond attempt, p. 21. 
Arrives at the bottom of a very high precipice, ibid. His dangerous ſituation on 
gaining the top, p. 22. Meets tour negroes ffom Mr. Maloune's, with . proviſions, 
p- 23. Diſcovers a ravin by which he might have gained the ſummit of the moun- 
tain with little difficulty, ibid. Aiter a moſt difagrecable night on. the mountain, gets a 
fight of the ſummit, p. 25. Vith a deſcription of it, ibid. Two. negroes leaving 
him, and the reſt 1etuſing to proceed, he is forced to return, p. 25, 26. Sets out 
again, accompanied by Mr. Fraſer, and attended by two negroes, p. 26. Finds 
ſoine bc autifu! wants and moſs (of which he ſaw none elſe in the Weſt Indies) in 
great abund: nce, ibid. Gains the ſummit, with a deſcription of the awful ap- 
pearance of be ex.avation there, p- 27. 29. Burning mountain at the bottom 
thereof deſcribed, p. 27. Various minerals found on all parts of the mountain, p. 
23. Author's reaſous for ſuppoſing it has but lately begun to burn, ibid. Two 
chaly beate lakes on tic ſides of the crater, and a conjecture on the manner of their 
1 ſupplied, ibid. Singular motion of the clouds on the mountain, p. 29. See 
Caribbee Mandi. References to he figure, p. 31. 

Mosaciila. Account of an Eugliſh Bird of that Genus, fuppoſed to be hitherto unnoticed 
by Britiſb. Ornithologiſts, obſer: ed by the Rev. John Lightfoot, p. 8. Generic cha- 
raters, ibid. Marks evincing it to be of the ſpecies of Motacilla, p. 10, 11. 
Named after the Linnzan manner, p. 11. Sepp the only author who can be ſuſ- 
peed of noticing this bird, p. 12. Which may not improperly be denominated the 
Reed Wren, ibid. Its haunts, ibid. Its food and note, p. 13. Its neſt, ibid. Ma- 
terials and fituation of its neit, ibid. Number and deſcription of its eggs, p. 14. 
Conjectured to be a migrating bird, ibid. 

Mountains, theory of the formation of, p. 4—7. 

Myine, Mr. See Baſe. 


N. 


New. England white-wood. See Riga red. auood. 
Newton, Sir Iſaac. See Combuſtion. 


Nite, when much phlogiſticated, is capable of making a precipitate with a ſolution 
ot filver, p. 378. 
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P. 


Peacock, Mr. James. See Arcbitucture, &c. 

Pblgiſticated Air, whether many different ſubſtances are not in reality confounded toge- 
ther under this name, p. 381. 

Pbhlogifton. See Air. 

Phoſphoric Light. See Combuſtion. 

Pigott, Edward, Eſq. See Variable Stars. 

Palypus, has no anus, p. 341. 

Price, Dr. See Combuſt ion. 

Prieſtley, Rev. Jofeph. See Air, and Water, 

P ringle, Col. See Baſe, ; 

Pyrometer. See Baſe. 


R, 


Rain. See Barometer, ke. 

Ramſden, Mr. his curious beam onda, p-. 402. See Baſe, His eaſy and ſimple 

way ef obtaining the ſcale of his pyrometer, p. 471. 

Reed-wren. See Motacilla. 

Richmond, in Surrey, method of boring for water there, p. 6. | 

Riga Red. cuod, more ſuſceptible of the effects of moiſture than New-England white- 
wood, p. 435 | 

Rotatory Motion. . Of the Rotatory Motion of a Body of any Form whatever, revolving, 
without Reſtraint, about any Axis paſſing through its Center of Gravity, by Mr. 
John Landen, p. 311. When the axis, about which a body is made to revolve, is not 
a permanent one, the centrifugal force of its particles will diſturb its rotatory motion, 
&c. p. 312. To determine in what track, and at what rate, the poles of ſuch mo- 
mentary axis will be. varied, not an uninterefting propoſition, ibid. The ſolutions 
of that problem by M. Leonhard Euler, M. D'Alembert, and M. John Albert Euler, 
rectified by the author, ibid. Difference between him and the above gentlemen con- 
cerning the angular velocity and the momentum of rotation, p. 313. How to find a 
parallelopipedon that being by ſome force or forces made to revolve about an axis, 
with a certain angular velocity, ſhall move exactly in the ſame manner as any other 
given body, it made to revolve with the ſame force, about an axis paſſing through 
its centre of gravity, p. 315. Tab. X. fig. 1. explained, ibid. Method of finding 
how a parallelopipedon will revolve about ſucceſſive momentary axes paſſing through 
its center of gravity, p. 318. Fig. 2. and 3. explained, p. 318. 322. Fig. 4. ditto, 
p. 321. Fig. 5. ditto, ibid. Errors of M. Euler pointed out, p. 327, 328. To 
which M. D'Alembert's ſeem nearly ſimilar, p. 328. 


6 Router, 
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Router, or Eagle - tone mountain in the Peak, its volcanic origin, p. 3 1 
Rey, Major General William. See Baſe 


8. 


Schoenus Lithofgermos, a ſpecies of graſs in the Weſt Indies, p. 19. 

Senfitive Plant, See Averrhoa Carambola. 

Sep. See Motacilla. 

Shells, See Combuſtion. 

Smeaton, Mr. See Equatorial Micrometer, Baſe. 

Pecific Gravities, Remarks on, taken at different Degrees ef Heat, and an eaſy Method 
of reducing them to a common Standard, by Richard Kirwan, Eſq. p. 267. Uſeful 

neſs of a comparative view of the weights of equal v-Jumes of water, &c. ibid. A 

capital advantage derivable from a table of ſpecific gravities, ibid. Inſtrument for 

making experiments deſcribed, p. 268. Table of ſpecific gravities, p. 269. Re- 

marks and obſervations by Bouguer, Mr, Bladh, Mr. De Luc, &c. p- 2710. Advan- 

tages of this method pointed out, p. 271. 


Sing Head and Horns, Account of, found at A)port, in the Pariſh ot Youlgreave, in 
the County of Derby. In a Letter from the Rev. Robert Barker, B. D. p. 353. 
Place and manner of diſcovering them, ibid. Not ſuppoſed ta belong to a very old 
animal, p. 354. Are of the throſteleneit ſpecies, ibid. See Throftel-neff Horns. Con- 
jecture how they were depoſited where found, ibid. See Lariell, Dimenſions of the 
horns found at Alport, p. 3556. Ditto of a large pair of throſtel-neſts horns, ibid. 
Ditto of the horns of a ſeven-years old ſtag, ibid. 

Summation of Infinite Series, Supplement to the Third Part of the Paper on, in 1782, by 
the Rev. 8. Vince, M. A, p. 32. 

Sybvabelle, M. Saint Jacques. See Aſtronomical Ob ſervatians. 


T. 


Teleſcopes. See Aftronomical Obſervations, Wires, 

Tentacula, animals with tentacula conſiſt of an almoſt infinite variety, p. 343. 

Terebella, a double-coned one, found by Mr. Cordiner, at Bamff, in n p. 343+ 
Thermometer, See Barometer, &c. 

Throftle-neft Horns, deſcribed, p. 354. 

Tuft, a kind of ſtone, deſcribed, p. 353. 


U. 
Vacuum, Electrical Experiments made in order to aſcertain the non · conducting Power of 


a * one, &c, by Mr. William Morgan, p. 272 Concluſion drawn from Mr. 
Walſh's 


| Watt, Mr. 
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Walſh's experiments in the double barometer tube, not oniverfally admitted, 1bi4, 
Account of the author's experiments to determine its truth or fallacy, ibid. Tab. IX. 
fig. 1. explained, ibid. Account of various electrical experiments, p. 274. 276. 
Mr. Brook's method of making mercunal gages, p. 276, 277. See Meteors. 

Variable Star, Obſervations on a new one, in a Letter from Edward Pigott, Eſq. p. 127. 
Uſe of verifying ſtars ſuppoſed to be variable, ibid. Variation of the ſtar 2 Antiudi 
very ſimilar to that of Algol, though not exactly the ſame in any particular, ibid. 

Changes undergone by » Antinoi, p. 128. Order of the ſtars to which it was com- 
pared, ibid. Greater difference between the brightneſs of many ſtars in twilight and 
moon=light, or the leaſt hazy air, than in a dark and clear ſky, ibid. Journal of ob- 
ſervations of „ Antinoi, p. 129. Natural method ot obtaining a point of compa- 
riſon for ſettling its periodical changes, p. 131. Computations (the rough length of 
a-ſingle period being found) to obtain greater exactneſs, p. 132. Method of deter- 
mining the time when » Antinoi was between its leaſt and greateſt brightneſs, ibid, 

Obſervations on its decreaſing brightneſs in 1783 compared with correſponding ones 

made in 1784, p. 134. Reſults of thoſe compariſons, ibid. Account of ſeveral 
attempts to determine he relative brightneſs of ſtars, p. 135, 136. 

— Obfervations on a new one, by John Goodricke, Eig. p. I53, The ſtar g Lyra 
diſcovered te be variable, ibid. Eight points of its variation in twelve days and 
nineteen hours, p. 154. Its relative brightneſs at its obſcuration in the third and 
ſeventh points, ibid. p. 16r. Magnitudes of the ſtars to which it was compared 

during the progreſs of its variation, p. 155. Series of obſervations of its brightneſs 

and magnitude, ibid, Obſervations thereon, p. 16r. Calculation of the times of the 
middle of its obſcuration in the third point, p. 162. Remarks thereon, ibid. Mr. 

Herſchel reckons gj or y Lyrz amongſt thoſe ſtars which he ſuppoſes to have under · 

gone an alteration, p. 163. 

Viace, Rev. Samuel, M. A. See Summation of Infinite Series, Friction. 

Univatve Fiſb, their internal formation, p. 342. 


W. 


a 


Mallot, M. See Aftranomical Obſervations 
Walſh, Mr. See Vacuum. 

See Air and I ater. 

Weight, An Account of ſome Experiments on the Loſs of, in Bodies on being melted or 
heated. By George Fordyce, M. D. p. 361. Several experiments made by the 
Doctor, which not being contradictory, are not worth laying before the Society, ibid. 
Account of a concluſive one in determining the loſs. of weight in ice when thawed, 
and on being heated, ibid. p. 363. Conjectures of the cauſe of the acquiſition of 
weight on water's being converted into ice, p. 363. Method to determine which is 
true, ibid, Expeannent to aſcertain whether there is matter abſolutely light, or which 


repels 
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zopels inflead of attracting other matter, p. 364- See Heat, Conjecture on the 

increaſe of the weight of ice on being cooled, ibid. 

Nen difficulty of going through the woods there, p. 19. 

Vile, Mr. See Combuſtion. 

Wires, A Deſcription of a new Syſtem of, in the Focus of a Teleſcope, for obſerving 
the comparative Right Aſcenſions and Declinations of cceleſtial Objects; together 
with a Method of inveſtigating the ſame, when obſerved by the Rhombus, though is 
happen not to be in an equatorial Poſition, by the Rev. Francis Wollaſton, LL. B. 
p. 346. The author twice diſappointed in attempting to aſcertain the right aſcenfions 
and declinations of the ſtars he had laid down, p. 346, 347. The rhombus is very good 
in theory, but ſeldom true enough to be depended on, p. 347. A very ſmall error in 
obſerving the paſſage of a ſtar makes à very material difference in the reſult, ibid. 

Trial with a ſquare placed angularly, which ſeems to anſwer better, ibid. See Egua- 

torial Micrometer. Tab. XII. fig. 1. explained, p-. 34 · Properties and advantages of 

the ſquare preferably to the rhombus, p. 348. Method of rectifying the erroneous 
poſition / of the inſtrument by the formula given by M. De la Lande in his Aſtro- 
nomy, p. 349. Formula conſtructed by the author's ſon, for inveſtigating the com- 
parative right aſcenſions and declinations of ſtars, ibid. Application of the formulz, 

p- 351. How to deduce the angle of deviation from the true equatorial poſitien in 

the new ſyſtem of wires, p. 352. 

Follaflon, Rev. Francis, LL. B. See Hires. 


2. 


Zach, Francis de. See Mronomica! Obſervations, 
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